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ABSTRACT 


The acento eons and solvolyses of substituted benzylethyl- 
methylsulfonium salts were investigated. The five perchlorate salts 
studied carried the following substituents: m-nitro(IX), 3-methyl- 
4-methoxy(X), 3,5-dimethy1-4-methoxy(XI), p-chloro(XII) and p-methyl 
(XIII). The racemization of p-chlorobenzylethylmethylsulfonium bromide 
(XIV) was also studied. 

The relative racemization rate constants, aa ko = Kho 
for compounds IX to XIII compared to benzylethylmethylsulfonium 
perchlorate(V), in methanol at 50.00° Bren EK es OL. et be see ra gee WV) 

D590 3940.25: 0 Ie 10.9 out 0.99 (1k, ‘The relativetsolvolysis “rate 
constants, ke» under Chessame iconditions are Tis Xoo Xi Gs RL suk i ds) V 
OP Oe OOn OMe Oo. ae OE. Se ool atu le 

The racemization rate constants for compounds IX, XII and 
XIII are very close to that for V. The electronic effect of the 
substituents did not influence the racemization rate significantly. 
This is consistent with a pyramidal inversion about the sulfur atom 
serving as the major pathway for racemization of compounds IX, XII and 
XIII. This mechanism also explains the excess of polarimetric rate 


constants, ky over the titrimetric rate constants, k For example, 


te 

compound IX was found to have a ratio of kk, = 90. 
Previous studies on the racemization of benzylethylmethyl- 

sulfonium perchlorate(V) and p-nitrobenzylethylmethylsulfonium perchlorate 


(VI) showed that their relative rate constants are 1 : 0.99. However, 


p-methoxybenzylethylmethylsulfonium perchlorate(VIII) was found to 
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racemize 15 times faster than benzylethylmethylsulfonium perchlorate(V) 
in methanol at 50.00°. To distinguish between racemization by pyramidal 
inversion and a process involving carbon-sulfur bond heterolysis om 
nitro-p-methoxybenzylethylmethylsulfonium perchlorate(VII) was studied. 
This compound was found to racemize and solvolyze with rate constants 
comparable to those of benzylethylmethylsulfonium perchlorate(V). In 
this work, it has been shown that a m-nitro group, like a p-nitro group, 
has no significant effect upon racemization by pyramidal inversion. 

This observation confirms the suggestion that p-methoxybenzylethylmethyl- 
sulfonium perchlorate(VIII) racemizes predominantly by a process other 
than pyramidal inversion. The racemization of VIII is best accounted 
for by a process involving carbon-sulfur bond heterolysis to yield an 
ion-neutral molecule pair which can return to give racemic salt or 

react with the solvent to yield solvolysis products. The 4-methoxy 

and enesa mean in 3-methyl-4-methoxybenzylethylmethylsulfonium 
perchlorate(X) also exert an accelerative effect on the racemization 
process. Hence, compound X must also racemize by way of an ion-neutral 
molecule species. 

The racemization and solvolysis of 3,5-dimethy1l-4-methoxy- 
benzylethylmethylsulfonium perchlorate(XI) are slower than VIII and X. 
The decrease in rates are accounted for by steric inhibition of resonance 
by the two methyl groups which prevent the methoxy group in becoming 
planar with the aromatic ring. 

Changing the anion from perchlorate to bromide did not affect 
the racemization rate significantly. p-Chlorobenzylethylmethylsulfonium 


bromide(XIV) racemizes 1.18 times faster than the corresponding perchlorate 
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salt. The racemization rate constant of XIV is comparable to that of 
benzylethylmethylsulfonium perchlorate(V). The relative rate constants 
for racemization at 50.00° in anhydrous methanol are V 2 XIV #/1.-3 1.12. 
Under the same conditions, XIV has a decomposition rate constant, ieee 
15 times larger than the solvolysis rate constant, Khe for V. ‘Ihe 

major pathway for the racemization of p-chlorobenzylethylmethylsulfonium 
bromide involves pyramidal inversion about the sulfur atom. 

Racemization by nucleophilic displacement on the primary 
‘benzylic carbon by the ethyl methyl sulfide was shown to be of minor 
importance. 

Nmr studies on various sulfonium and ammonium salts gave 
evidence of ion pairs formation. No evidence was found which requires 


the formation of tetravalent sulfur species for sulfonium halides in 


solution. 


| &, tual od | afismiatoe cE le 
asanen09 aie Sybdoben a, | Wealden ons 
tk 4 gs Dice yy a _Fonetauet ana baales int op ibe, ae og 
ry ira tpop. OVE ah ui reorgean 5 wart vk | salobanell J | 


ie a ata) |) Oe ) re 
BAR, HOE coy '« toma aap + atpetovdin ang ore 
ary 


fabwor wz tyles epraatenantenesiony, PC) nedtenembene ahs ror oe 
PB ect aa 


Sab wo hoe aity 0d: wodpeiduit ube idee pt rah a | 
- bi 


‘ams a wi yo imparmon Lath oh atnaola i to 


oobin Yo ad'6 ! diorte. dety nbit hits (ya peasy capt ~~ ee 


i ry 


Sirky Balee melon bats tid not fo aw i rv ' aati 
Ber Lupo x seh hot ew goss yout a Light avteg, ak 


eee wee PLasit. patio te ‘tom, aptiege. witha Yeesksiagee ae 
; 1 AL a ‘ 


i, - i i . 


TABLE OF CONTENTS 


Page 
INTRODUCTION a 
CHAPTER I The Ion-Neutral Molecule Pair Mechanism. 
Synthesis and Resolution 1 
Kinetic Results 16 
Discussion 38 
CHAPTER II The Pyramidal Inversion Mechanism 
Synthesis and Resolution 5) 
Results | 55 
Discussion 80 
CHAPTER III Nmr Studies on some Sulfonium and Ammonium Salts 94 
Results and Discussion 99 
Conclusion 2? 
EXPERIMENTAL 123 


BIBLIOGRAPHY LI 2 


peed igiiseM 4 fat « vives holt Lies shymenat: site) 
“SE | vee a meh shake at biti atetantang | 
a | | Tee lire Strona a 
te | "woreda ik 


re Liver ent “Ube tou Leb ene aa i i 1 
“ec wod-tu Lodi bie atswaieen 
ee es ai toma | 
: : f 
” cipamaseigtt 
- 
i 


Malet muthomnA bes ap trog Lye) ambe, a9 aetnyae au 
> ‘chodasenened: hha: 2tohat belt 
oe isdn Foe 


est 


_ fabie 


Table 


Table 


Table 


Table 


Table 


Table 


Table 


Table 


i 


EL. 


att. 


a 


VI. 


VII. 


Vitti. 


IX. 


LIST OF TABLES 


Relative Rates of some Nucleophilic Substitution of Aralkyl 
and Aryl compounds and of their p-Methyl and p-t-butyl 
Derivatives(Bevan and Hughes). 

Properties of m-Nitro-, 3-Methyl-4-methoxy- and 3,5- 
Dimethyl-4-methoxybenzylethylmethylsulfonium salts. 
Solvolysis of m-Nitrobenzylethylmethylsulfonium perchlorate 
with Added 2,6-Lutidine in Anhydrous Methanol at 90.00°. 
Runt 2 20, 

Racemization of (-)-3-Methyl-4-methoxybenzylethylmethyl- 
sulfonium perchlorate in Anhydrous Methanol at 25.00°. 

Rue cry 


Racemization of (+)-3-Methyl-4-methoxybenzylethylmethyl- 


sulfonium perchlorate with Added 2,6-Lutidine in Anhydrous 


Methanol at 50.00°. Run III-5. 

Solvolysis of 3,5-Dimethyl-4-methoxybenzylethylmethylsul- 
fonium perchlorate with Added 2,6-Lutidine in Anhydrous 
Methanol at 50.00°. Run II-262. 

Racemization of (+)-3,5-Dimethyl-4-methoxybenzylethylmethyl- 
sulfonium perchlorate with Added 2,6-Lutidine in Anhydrous 
Methanol at 50.00°. Run II-264. 

Solvolysis of m-Nitrobenzylethylmethylsulfonium perchlorate 
in Anhydrous Methanol. | 

Solvolysis of 3-Methyl-4-methoxybenzylethylmethylsulfonium 


perchlorate in Anhydrous Methanol. 


hens te sgultbunn fedu: subsattan raw wena. an sae) en 
neidageg we 4 birt q a we fie Recuas @hiwgqnas ste ly 
sbesagat, Jn ager ava NR 

“iE bing iain: waa >> ork 9 m a8 es ktaea 

| hen smbdohiue gist bse Fysiattearzan—\ -tygliead 

wis ‘iteenil was tne: wale Tig daigiheknidtlo ttm a degen 
"00,00 a5 beatriset oi dos bids Hi Snchbel-a,¢ tg iter aa x 
ees Oba: chee 

Leda sink ey Sdquasdiyces yen Nef yiritMee<(=) (to Ryser ns a, 
Pe. Be dé. lobiataoM Buon hvcain” at ‘seals at boty ue 

| foetus anh’ } 

| “Lies ui wars Be rit ae are -ok YD i) a a ‘ 
eve rbiyitad Rl vento! eos Opa Obs RH day Pn cosleing nahigr ig 
aut rel Sider 4: Teenie < 
ahpindgtomiess oly medias sisom-b- Lys gatda é 0 nsbvtevleg. 
| suede ttt oelertinieay Ss babbiy dite, ethers ne might vas ; 
SaG-EI wit <0 08 in Ld 7 


| Atythiatigtiotesnstecedson- Miaemuied, t- () 9, nickaspethaokit 
N 


: 7 Lv - 7 
' i N ; pas II rus fy? #0, 8 a6 tonsa sth : 


> A 
) sterotdowe sonotetetnatescietain i Ho: sein af. 


13 a ae serie a2 


) a i ae 
mabe ? abana 
aaa 


evan ad. suthrdud-o ;' > Nala Aatwys: esa yohibang pt viLluin 


: 


Table 


Table 


Table 


Table 


Table 


Table 


Table 


Table 


Table 


Table 


XL. 


ALLS 


TTT 


XIV. 


XV. 


XVI. 


XVII. 


XVIII. 


XIX. 


Solvolysis of 3,5-Dimethyl-4-methoxybenzylethylmethyl- 

sulfonium perchlorate in Anhydrous Methanol. 

Racemization of 3,5-Dimethyl-4-methoxybenzylethylmethyl- 

sulfonium perchlorate in a Variety of Solvents. 

Product Analyses of Methanolyses of m-Nitro-, 3-Methyl-4- 

methoxy- and 3,5-Dimethyl-4-methoxybenzylethylmethylsulfo- 

nium perchlorate at 90.00°. 

A Comparison of the Racemization Rates of m-Nitro-, 

3-Methyl-4-methoxy- and 3,5-Dimethyl-4-methoxybenzylethyl- 

methylsulfonium perchlorate in Anhydrous Methanol at 50.00°. 

Per cent Racemization caused by Exchange of Ethyl methyl 

sulfide in the Solvolyses of Substituted Benzylethylmethyl- 

sulfonium salts in Anhydrous Methanol. 

Activation Parameters for the Solvolyses and Racemizations 

of m-Nitro-, 3-Methyl-4-methoxy- and 3,5-Dimethyl-4-methoxy- 
+ 


benzylethylmethylsulfonium perchlorate (ArCH,$CH,CH CLO) 


: cH, 3 4 
atweZD OO 


Properties of some p-Chloro- and p-Methylbenzylethylmethyl- 
sulfonium salts. 

Solvolysis of p-Chlorobenzylethylmethylsulfonium bromide 
with Added 2,6-Lutidine in Anhydrous Methanol at 90.00°. 
Rud epee yl 

Racemization of Gy ope cuter aneneyie chy tae tny louiear ite 
bromide with Added 2,6-Lutidine in Anhydrous Methanol at 
50.00°. Run IV-66. 

Solvolysis of p-Chlorobenzylethylmethylsulfonium perchlo- 


rate with Added 2,6-Lutidine in Anhydrous Methanol at 70.00°. 


“ ar mee he , i, & 


ee ¥ ‘ Lemos vag di r viet sett 


briana kip ese saihehtsiis iit if “Lem atl ‘Cie & 4s ao desc 
ek evi ee 40 ean tna as 
—-—jyireis. .-oniitien Jo ea sayldmitolt AO! Bae’ sph deni 


CROs ite jeubG- Gly igi, ibopdiatliie 


“at Luelyri tems, Ol aly sites 


~ 


a i (ie ae 


sents iem To egma5h * idallth indie ae 


t 


~Lviiielyansdywcnlism-h-iyds Sey DB yp organ i-h~ Eye ae 


O0GE te Looadset aworbythd Gd sdexclilomy eee ein 
iyéyen Vi tq ageing ed baeaio, Tin haBke ears 4913 eT 
Mo wmieiiel yok Leia taadiuc 14 egey louie ott pti ahd Lig: 
Lodetsl 20 abt (dead ge ae anineean 

ents Pa ba EH ist De ASAYcoy toi P ne Ot “Bes 4 amit orykicesy 7 A 
| ‘ Ve Si 


2-08 aa Ya 


i va Tec. Vhs ~ ret Oi a: - i v ( ton ae . 
oo : a ¢ : . 
C ee r re rUsisT ols rec" sy toetlogiyt) at) 4 ietysnsd 
F ; | git i oi 


_ ; Sag.” 


“Eydiagivrselyanus iquaoM-¢ tins rool SO ws to stray 


CBee ; fan ie wether | 


a ah an Egg aia 


ad baw ony tga rm 7 


ebdoogd mote bre bat: intuit abtisdiod as frie, ao a ainvdet - 


‘ ' 7 


‘ . 7 oe. , ANTHERS “i 
aptenetaronestion iets zy si aaa ond 
la a a “a rusty. ek saipksnt-o 8 vied iat 


7 


: Son.00 #0, puntatastt: epethysind ob Sn bnd jused,8 bok Weathe ae 


7 z 


a 


Run II-280. 

Table XxX. Racemization of (-)-p-Chlorobenzylethylmethylsulfonium 
perchlorate with Added 2,6-Lutidine in Anhydrous Methanol 
at 50.00°. Run II-266. 

Table XXI. Solvolysis of p-Chlorobenzylethylmethylsulfonium perchlorate 
in a Variety of Solvents. 

Table XXII. Solvolysis of p-Methylbenzylethylmethylsulfonium perchlorate 
in Anhydrous Methanol. 

Table XXIII. Solvolysis of p-Chlorobenzylethylmethylsulfonium bromide 
with Added 2,6-Lutidine in Anhydrous Methanol at Various 
Temperatures. 

Table XXIV. Solvolysis of p-Chlorobenzylethylmethylsulfonium bromide 
in Anhydrous Methanol at 50.00° (Determination of Bromide 
Ion Concentration by Volhard method). 

Table XXV. Solvolysis of p-Chlorobenzyl bromide in Anhydrous Methanol 
at 50.00°. 

Table XXVI. Rate of Loss of Optical Activity of p-Chlorobenzylethyl- 
methylsulfonium bromide in the Presence of Ethyl methyl 
sulfide at 50.00° in Anhydrous Methanol. Runs IV-66, 
1V=23,. -1V-24 and IV-627. 

Table XXVII. Decomposition Rate Constants and Racemization Rate Constants 
of p-Chlorobenzylethylmethylsulfonium bromide in Acetonitrile 
at 25.00 .. 

Table XXVIII. Racemization Rate Constants of p-Chlorobenzylethylmethyl- 
sulfonium perchlorate in 80ZWater-Acetone at 50.00° in 


the Presence of Sodium Fluoride. 


mare es aah a cuales he sf es alien es “ge aes) ie agit 
boaniihen , fhe 


Band at ceh” ny rete ke ripe “ais ; valid, dviv ‘asain 
Sino Wiorog lads dicate 


‘yen or he 


Livan freve nbs yf Pesnplansi Le inkaubaine i 


npasliyiae 16 venta 6 ak 
Te. is 8 ; ea ye i tl fa . | 


n ey 
oe 


fa ee 
1G 


hesuiel: Gaia 10 Uday baad 
Obihati id 


) i 
lo rreat! Sit ziti byaind. 7 
rd var tates doi Lag ta auiiihav tee 
tis 16) Loosntet epothitihagd) on miotoidd.$ bablid diay 7 
| ao Hf) iwasun’- 
rt wi ILLUS 4 Sut Y Lk Sao ado Wut iD as i to abe yhoy Lod . 
bi M10 hip seen 4750) 00% 02 We! Sue er a + wt had cia 
’ aa» Gbodsbm kote py Gud 
kil Jon agar bua. et ahindrd | 


jae! vss ego o y " 
if V5 fie I04 el tifo— tw ‘ 


eile : "On 08 de 
mnedo tod inde. Ae a an cil tautand 36, lee ova 


readein bvtom Aes onset ‘ase, ei avn ma Hoc ag 
Oo-V1i ent Med 4 


ete | 
cnet vba tee pie OOtes sar ate fy 


he, ‘big isn 


Ch " : 
adnisehnd +76 holds tascam, bits ‘simaioa sien sins sane 


i a 


is = 
: snie~hitimaape on a 26 astisy 


shee 
P.0C te ashi: 


6 sh oe = 


Table 


Table 


Table 


Table 


Table 


Table 


Table 


Table 


Table 


XXIX. 


XXX. 


XXXI. 


XXXII. 


XXXIII. 


XXXIV. 


XXXVI. 


XXXVIT. 


Racemization Rate Constants of p-Chlorobenzylethylmethyl- 
sulfonium perchlorate in 80% Water-Acetone at 50.00° in 
the Presence of Sodium Perchlorate. 

The Analyses of Products of Methanolyses of p-Methy /- and 
p-Chlorobenzylethylmethylsulfonium perchlorate at 90.00°. 
Solvolysis of p-Chlorobenzylethylmethylsulfonium bromide 
in Anhydrous Methanol at 50.00° in the Presence of Ethyl 
methyl sulfide and 2,6-Lutidine using the Volhard method 
for Determining the Bromide Ion Concentration. Run IV-15. 
A Comparison of the Racemization Rates of Substituted 
Benzylethylmethylsulfonium perchlorate and bromide with 
Benzylethylmethylsulfonium perchlorate in Anhydrous 
Methanol at 50.00°. 

Activation Parameters for the Solvolyses and Racemizations 
of p-Methyl-, p-Chlorobenzylethylmethylsulfonium perchlo- 
rate and p-Chlorobenzylethylmethylsulfonium bromide 

SCH CH, ae Pe 


26 
H 
Nmr Seth of some Alkoxysulfonium salts in Methylene 


(ArCH 


chloride. 
Nmr Spectra of p-Chlorobenzylethylmethylsulfonium perchlo- 


rate in a Variety of Solvents at the Temperature of the 


Probe. 


Nmr Spectra of p-Chlorobenzylethylmethylsulfonium bromide 
in a Variety of Solvents at the Temperature of the Probe. 


A Comparison of the Nmr Spectra of p-Chlorobenzylethyl- 
oe 


methylsulfonium perchlorate and age Aer SUN ay 


3 x 


nS "sl onto 40 esuni ‘on sai sit 
ax 00, oe 16 sigan ign! 08 ai asinine ther a 

Oi suas bin 8 sib fe apes ae 

baa Non wahtg fe ‘ebacooncsie to eisohont ta ala oat 
| , 00; OF 38 Ms Paper ere er rite Beret lin aie 
| ebkawrd audioo tun tit iandynatiesns -aotttDe ttn Se 
Harlot Ao s4nwoen4 ana al "00. ve & Lente eciertb eta ak 
| . baiheom feta tov ety pitts st sirkbst jd Si Bods ab 1 oe 
sOl~VE ani peat ineomoD a6 Gs arto re ea ‘hile. 5h, 
biduvidedue’ to eoram) nok’ sks Sa with Ae noi yddinad Ay 
ote aiiiogd: fis etexord sy ae silted Coeds oi ng un ice 
} auerh winA mt 5 Renee nate sk LoL hoon IOS 
ri | "on. be yy Toteittaie 
eno kine inmost bri hk ahd he ats, 101. avonomadd oe 
| eo telonnae parka it aay plage angus satictig shaped. 6" 


‘phy Larisa mis eas fase snack eylsel eoniade0 iat yr : 9 


00. as ee hoe aoa 
- anol ysl fl ai eae pinoton toe Yo 1a t 


oe hs “asst : i 


& mit hill rat atgtimaretstisindonaidg % ertonde af a 
ape mC Me F- a 
ey : eta. w srw 3R:109i97 sis 16 cetitoylng, he: data & a ah). 7 . oe 4 

— ¥ ; ; ye 


“ah Ay 


* 4 ree! on 4 \ _ | ak i “o¥ iv ae 


Seore manner ili pi 


_ i rn as 


2 ” Ye saivernae? oliy 46 2 sire 
ni ada 0. ane sc —— | sas ’ fe * 

. ta | 
oa pian 


- 


eed ry 
i 


Table 


Table 


Table 


Table 


Table 


Table 


Table 


XXXVIII. 


XXXIX, 


XL. 


XLI. 


XLII. 


ALLEL. 


XLIV. 


in a Variety of Solvents at the Temperature of the Probe. 
A Comparison of the Nmr Spectra of 3,5-Dimethyl-4-methoxy- 
benzylethylmethylsulfonium perchlorate and bromide 


-b 


(3 ,5-diCH,—4-O0CH C He iephee Sunaina Variety ot 


3 162 
Solvents at the Temperature of the Probe. 
A Comparison of the Nmr Spectra of p-Chlorobenzylethyl- 


methylsulfonium bromide, fluoroborate and perchlorate 


(p-C1C_H, CH you CH Xi) in CDscl at =20.. 


64 2 y 2 <3 2¥a2 
Nmr Spectra of tetra-n-Butylammonium salts[(CH,CH,CH,CH,), 
Nt in cb,Cl, at the Temperature of the Probe. 


A Comparison of the Nmr Spectra of Benzyltrimethylammonium 
+ 
salts [@CH,N(CH,)., Xo] inga Variety of Solvents at athe 


Temperature of the Probe. 


Nmr Spectra of Mixtures of p-Chlorobenzylethylmethyl- 


+t 
sulfonium perchlorate and bromide(p-C1C.H, CH,SCH.CH Xen) 
64 2 bay Zee 


at the Temperature of the Probe in a Variety of Solvents. 
Nmr Spectra of Mixtures of 3,5-Dimethyl-—4-methoxybenzyl- 


ethylmethylsulfonium perchlorate and bromide (3,5-diCH,- 
+ 
Ee es X ) in a Variety of Solvents at the 


Temperature of fhe Probe. 


Nmr Spectra of Mixtures of Benzylmethylethoxysulfonium 
+ 
See ia aca) tae BE), ) and p-Chlorobenzylethyl- 
CH, CH -- 7 
methylsulfonium bromide tp-C1C,H, CH, $CH, CH, Bie) an 


CH. 
cD, Cl. at Various Temperature. 


‘oder? od w “ams aat D a0 iv iinet: i i 
reine £ a0 stiinan ide ot % uo signe, ie eat vl 
a abut laa anpsoltiion si serena ae | “oe 
| ib in een Bok lt era nee, itpeiee, o, | 

. Lie 3 Ae unm aa Bits i exmiusoe 


» <4 
Serratia: 7 YS 5 sane sis atid 3 | a ap mn’ 
aiwioleotog bas, O46 ledrceut 4 abtngad aie nn 
h=96) fo na ie oo Sg) 
m! MS TH I, AG) edie certdoum [yore (AK: hd to 39848) wal im 4 
@ a # i t, | te 7 fi i a, ' 
pada site oR Sw ts aquest ata 39 ee 8 nh a ty, / wr 
gitvaneledcautsiiyens® to bsiaage waht ‘ci 40 porate : 
ey 
Ste SH, +0) vs Shabana 
= fee dete dt viseets Ser to ae3 Ee akrt Ag 21:06 a 


| | 4p 
wit? Se etnevfek Xo gael rhv e AY ¥ pa Ore CVD be jaiearne 


ae * gltie BE HO meats ago eters | Bas ‘aksethineg wig i ae 
rm ee na a iy i ‘ta 
; agi Wao ter del! a ib dont a(t Be: Porapedangt, set ir a a 
. ac 


*Pteandns20- >: “hysis: wie 30 eg waxen ye i aso? ve AE 


“<gWdth-2 me Vobtmold b tus) sans oulioyea tudhealos pam beta, ery Bs / 


Aor i) 
aia ta gatvewbe 2°36 giana: & cy < ons ae - : a : 


ie erlowttupindssi tanh inne’ ic, ae a md ta wiiga a ie Wa 
pags all i gabe cin tht saint ae 


on f 


Ry ee 
ip mn oe = | | 5 : ‘ig ' 
awa 7 : . . c 
nh ee 
fi . i : m4 o> 


vv, in AL 


Table 


Table 


Table 


Table 


Table 


Table 


XLV. 


XLVI. 


XLVITI. 


XLVIII. 


XLIX. 


Nmr Spectra of Mixtures of p-Chlorobenzylethylmethyl- 
: + 


sulfonium salts(p-Cl1C (HCH 9CH., CH, x) and s-etra-n=buty)— 
CH 
; S cig oe a O 
ammonium salts[(CH,CH,CH,CH,)/N youl sen cD,C1, at =40° 


Nmr Spectra of Dilute Solutions of Sulfonium perchlorates 
+ 

and bromides (ArCH,$CH,CH, 
CH, 

at the Temperature ae the Probe. 


ey aes Variety of Solvents 


Nmr Spectra of Benzylmethylethoxysulfonium fluoroborate 
+ 

(@CH. SCH 
*bcH> cH 

Columns and Conditions of Operation for Gas Chromatographic 


BF, ) ry cD..Cl, at Various Temperatures. 
Analyses. 

Standard Solutions for the Product Analysis of p-Methyl- 
benzyl methyl ether. 

Control Analyses of the p-Methylbenzyl methyl ether from 
Methanolysis of p-Methylbenzylethylmethylsulfonium 


perchlorate. Run III-152. 


Rvatiettoteansaccottong ie Sey 
eee Bas Ck eo yi peat ; 
ee ato, er an hier, Sea} ehtanta 
_Mesaroliirieg mulastine Ye ubsatee aasdt t9 actabt a - | 


asotwlee. to yts teal ss mk) ¢ | Plo ga 0 soa ts, 


stot oat ce siige sagas sal as 

aes sdotny fi mitre baci ae Lgidoan “sion *o esa9hee cr | 

| Sagrirst seine stints 3%, rene ao he ¢ i a . 
Siduergotsiexh), 2nd “ro4 toi aia ta ic sian print od 
a | | -digtanh 

"iedin-o 16 atari ma tSsubord’ art TOT ake iuutge ‘stepaage: 


«reifas etase tating 


Meet, taoo Dy Haus fLesare ive Mag, od) ny soaetonn sored, in | 


mtb ion Lyks od MOE Rin pate ei rn dhectentren 
| i aie panei 29 


KAY 
i] 
y 
i y 
ee 
ti M 
. wb 
ih 
1 
1 
i i - / 
iY > 
Ae ; . 
a) 
fi F > ¢ 


Figure 


Figure 


Figure 


Figure 


Figure 


Figure 


Figure 


Figure 


igs 


ies 


1g ike 


IV. 


VI. 


VII. 


Vii. 


LIST OF FIGURES 


Synthetic Reuse for m-Nitro—,;“*p-Chloro—and p-Methyl—- 
benzylethylmethylsulfonium salts. 
Synthetic Route for 3-Methyl-4-methoxybenzylethylmethyl- 


sulfonium salts. 


ose - ve vs. Time for the Solvolysis of m-Nitrobenzyl- 


ethylmethylsulfonium perchlorate with Added 2,6-Lutidine 
in Anhydrous Methanol at 90.00°. Run II-220. 

Log(a - ot) vs. Time for the Racemization of (-)-3- 
Methy1-4-methoxybenzylethylmethylsulfonium perchlorate 
in Anhydrous Methanol at 25.00°. Run III-75. 

Log(a = ot) vs. Time for the Racemization of (+)-3- 
Methyl1-4~-methoxybenzylethylmethylsulfonium perchlorate 
with Added 2,6-Lutidine in Anhydrous Methanol at 50.00°. 
Rony fei}. | 

Log(V_ - vy vs. Time for the Solvolysis of 3,5-Dimethyl- 
4-methoxybenzylethylmethylsulfonium perchlorate with 
Added 2,6-Lutidine in Anhydrous Methanol at 50.00°. 

Run el—262". 

Log( Onn a) vs. Time for the Racemization of (+)-3,5- 
Dimethyl-4-methoxybenzylethylmethylsulfonium perchlorate 
with Added 2,6-Lutidine in Anhydrous Methanol at 50.00°. 
Run II-264. 

PRot. o1 Koo vs. [EtSMe] for the Racemization of 


bs. 
3-Methy1-4-methoxybenzylethylmethylsulfonium perchlorate 


7 ~Loae ete a yi “0° +a Ce hey | ats Loy ive aval 
i aad imu: Hav tet it : a 

H{yaifand vita Lys irod ved esats psbiiaatee. to? wa io >it A sm 
7 at) woe sate sini | 


sec 
“foe oy eter to els! gyi ee pan 108 ED Lay NI yy i bay Pao 


atin 


testy nO, 2 OBA NDI SISA O LAS ey 4 “iio rt res pets 
a i ai beer tiga eda iff 

Cm) Die Eee ees) ss i} Sits + av ki | {i / phon | 

i (‘sirhae2) ue I edemty | ed veld rata he pig 


é a : OW. 4 
»O\~2iD) ful 60 an ie £6 yipstvem adoyh sori ih 7 
Ex () 20. i Loa cae gens sila, 07, Sire’) ay ‘, ea ye ane pa 


ats rotdas an may G tive 4 rid dinltts sak paad xobttbint ‘ikea’? 

OG; 0¢ Sa “Poreu: ra wo oat oat. antbfiys-di 5 woah oi 

Bai Surg rey 

Lyrtte errs i> ter adaytaving ola 402 eb et aay ( Ped iNaod 

ti eyeniglitat *s vk obaaeyiae Peedi eid seesd codes | 7 7 . a 

6002 46 Loiadrstt sled ai nih dint, AY alin | 4 i iv | 

| | | ae Sagetd: i ej i: 

: ~2 E(t) ta nasa 26h ¥ a bei ane pal G o> a pou rls vies) ai 

i hs hbaciteioe| ee eee 

ME PAocae tw Longaltet ee alt setbdantcdis bobba ad 

| ree ne face (ar ee ee Le sate 
Yo maids day >AH vas’ 200} ana se 

YX aa Et rly penta tiga 
| 7 2 aa 7 i 


in Anhydrous Methanol at 25.00°. Runs i) i el eee 
and eOLr=9'6% 

Figure IX. Plot: of eae vs. [EtSMe] for the Racemization of 
3,5-Dimethy1-4-methoxybenzylethylmethylsulfonium perchlo- 
rate in Anhydrous Methanol at 50.00°. Runs Die2 6a. fii 0 
and Thp=1). 

Figure X. Log(V_ - ve vs. Time for the Solvolysis of p-Methyl- 
benzylethylmethylsulfonium bromide with Added 2,6-Lutidine 
in Anhydrous Methanol at 90.00°. Runs III-171. 

Figure XI. Log(a_ S a.) vs. Time for the Racemization of Cpe 
Chlorobenzylethylmethylsulfonium bromide with Added 
2,6-Lutidine in Anhydrous Methanol at 50.00°. Run II-66. 

Figure XII. Log CV a v vs. Time for the Solvolysis of p-Chloro- 
benzylethylmethylsulfonium perchlorate with Added 2,6- 
Lutidine in Anhydrous Methanol at 70.00°. Run II-280. 

Figure XIII. Log - a.) vs. Time for the Racemization of (-)-p- 
Chlorobenzylethylmethylsulfonium perchlorate with Added 
2,6-Lutidine in Anhydrous ueewenet at 50.00°. Run II-266. 

Figure XIV. PLOb.OL ee vs. [EtSMe] for the Solvolysis of p-Chloro- 
benzyl. bromide in Anhydrous Methanol at 50.00 with Added 
2.6-Lutidine. Runs 1V-13,/1V-18.)1V-12, IV-16. 1V-172 
Iv-6, IV-9, IV-19, IV-10, IV-15, IV-20. 


Figure XV. Plotvof k B vs. [EtSMe] for the Racemization of 
a 


bs. 
p-Chlorobenzylethylmethylsulfonium bromide with Added 
2,6-Lutidine in Anhydrous Methanol at 50.00°. Runs 


IV-66, IV-23, IV-24 and IV-69. 


heater ,atetity amit "does aa tennis: 


we ao han nblisait: bis 10h jarani re ee ae ih 


woldoreg menibec rire Exitodiel eh 49} aster totae AR 


bignrtt MORE tC eto tic 08 “oe feo ite att ope hd, ae oT Le ~~ 
| ale tre sa 
vga oh -- “ft } by Slevin. Loe ak aa pat ‘ Bw 4 ‘ iy {paleo 0 a wy 4 


. wathtons-t IN berlih A daw Slide hd) anti: { I ue oo eho 
itgotin Gang, .°00.de 9 “tgelaa ete Ce 

agate) to. qotsoats re, ald’ al evi’ Xgf pat) 

hablih ndiw abimend, tu igh tie ha ts Sen beth ioe easionta | 

AOATE tin 00.06 5% Lo | gilt en avonuydag ut abana: 


“armed i Bheyloviag sno oe ie BY, ee b= ; vet 
: 


yo 


| +a . betsh Agi aun 24q nvihodtduirca tant qubabicemed ie a: Si 

is ere oi i) a5 Ae, Sones way iit Mais lh ae Ay 
oat fot soksBR pat wil TOT ape (er pat | 

baba. nace sdnngl dotsy eutneatuel yuo, ckedetabl 

my 6bOS=32 it sae Of) 25. Lonsiiaatt ran yiaet ph saath astra. LN 
omen te ohagpiarhoe, ang er bemagat) i ‘td ‘46f4 
pee aiiw ®. ve 25) onal evionbrgtnn fk sbimord Ivshod 


Py 
- i er poets neue a Siew achnia, centikamDyh) Ue 
| | | 


| OTT apn. oe steve, RaNE O41 : uy < 7 
ot | 4 ae 
se: ogi wes wat iaeast vay aad? to a - . c omy 


Wake ob teers¢ a altace Te . rie _ ; 


SSE, (BRENT, ae RE 4 
a Tre ‘ i. ; : 


Figure XVI. 


Figure, XVII. 


‘Faisure X*VILL. 


Figure XIX. 


PiGLToL Kee eed vs. [EtSMe] for the Racemization of 
p-Methylbenzylethylmethylsulfonium perchlorate with Added 
2,6-Lutidine in Anhydrous Methanol at 50.00°. Runs II-267, 
III-47 and III-63. 

Plotvor Log(V.. - is vs. Time for the Solvolysis of 
p-Chlorobenzyl bromide in Anhydrous Methanol at 50.00° 

in the presence of Ethyl methyl sulfide and 2,6-Lutidine 
using the Volhard method. 

Plotwor [p-C1C HCH, Br] in terms of mls. of KSCN vs. Time 
for the Solvolysis of p-Chlorobenzylethylmethylsulfonium 
bromide in Anhydrous Methanol at 50.00°, in the presence 
of .2,6-Lutidine.. Run. IV-1Ll. 

Galtbration Curve for the Product Analysis of Solvolysis 

of p-Methylbenzylethylmethylsulfonium perchlorate in 


Anhydrous Methanol with Added 2,6-Lutidine using Naphthalene 


as the Internal Standard. Rum 1ii-152, 


- uly 


| webb isi & tevattoze water Wm he 
peer, sl “oe .G2 ote. Hvniealit curse ae slapd 
vy ae aaa bite ARNE 
wed he Rea be ‘sult elt aark'T = ae wpa ie ee, 

"00.08 19 Fendilgem, auathydad rm seh tinder Ser a 

oi biywl-o,2 bos big ii deleeaae ruta Ao Beles mm rie 

| | Dual Pagal int sie 
lan Jae For to .aii ro aie ad) nt t sei u itescal bu, at 
mabne? I ered pits Oi ys) ate dog DHA | Te. eta. soviet, ‘ats, 0 ; 

| | Say. 
aorsaang seul nd . eG. De ite oma to%? enh sa splines a, 
DT trl . : et ua=D eS to. aa 

gtaylorleei6 ‘starlens Ee bon aay x01 evaut) ned ts 

ret swe xobitota¢ iu Es Snaps arenniayies!, ' ie a 


omeLad tga ‘on bau op kbd Sifu thes 


hee nih : sbohacss fentagbl lo on 


INTRODUCTION 


The application of basic theories and methods of physical 
chemistry has helped tremendously in the understanding of mechanisms of 
organic reactions. | 

The two mall Pletown mechanisms for nucleophilic substitution 
reactions were postulated by Ingold and co-workers(1). Namely: 

Gis) 2 Sy or unimolecular nucleophilic substitution mechanism. 
GEir) iz $2 or bimolecular nucleophilic substitution mechanism. 

The former mechanism involves two steps: a slow heterolysis 
of the substrate to form a carbonium ion and a rapid coordination 
between the carbonium ion and the substituting agent, The first step 


is the rate determining step in the process. The mechanism is 


illustrated by the following equations: 
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The latter mechanism contains only one stage. It involves 
an electron transfer from the substituting agent to the seat of 
substitution and from the latter to the displaced group. This can be 


expressed by the equation: 
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The choice of Sy Or S2 mechanism depends not only on the 


structure of Y, R and X, but also on the solvent molecules surrounding 


these reactants. These solvent molecules can have profound effects on 
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the free energy of the reactants, intermediates and transition states. 
In some cases, it is possible to observe a changeover in mechanism, a 


given reaction proceedings by the Sot path in some solvents and by the 


I 


Sy? path in other solvents. 

By studying the effect of small changes in substrate structure 
on the products and rates of reactions, one can obtain valuable infor- 
mation of the mechanism involved. For example, electrical effects can 
be investigated in the absence of steric effects by inserting a rigid 
structure between the reacting center and the point where the structure 
is changed. The effect of p-alkyl substituents in a benzyl compound on 
the rates of various bimolecular and one unimolecular substitution re- 
action has been investigated by Bevan, Hughes and Ingold(2) who have 
presented a eeemary of a variety of substitution reactions on benzylic 
system. Their relative rates are recorded in Table I. The data for 
the reaction of benzyl bromides with pyridine(top line of Table I) are 
by J. W. Baker and W. S. Nathan(3). They found that reactions which 
require electron supply are accelerated by alkyl groups and reactions 
which require electron withdrawal are decelerated by alkyl groups. 

The 'mass law depression' as evidence for a unimolecular Si 
reaction was also postulated by Hughes, Ingold and co-workers(4). 
Winstein and co-workers(5) in the early 1950's in their studies of the 
acetolysis of a ,a- dimethylallyl chloride suggested return of an ionized 
but undissociated intermediate back to the allylic halide or a similar 


. ° ° ° 1 1 
species. This was termed ‘internal return' distinct from ‘mass law 


or external ion return(6). 
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TABLE I 


RELATIVE RATES OF SOME NUCLEOPHILIC SUBSTITUTION OF ARALKYL AND ARYL 
COMPOUNDS AND OF THEIR p-METHYL AND p-t-BUTYL DERIVATIVES(BEVAN AND 


HUGHES) (2). 


Relative Rates 
Reactants polvent Temp. Molecularity’ p-H p-Me p-t-Bu 
( Cc) 


OCHBr + CLHN (CH,)5C=0 20 2 : 1.66 1.35 
PCH,Br + I7 (CH. )0=0 0 2 il 1.45 WED 

PCH Br + EtO” EtOH 25 2 1 1.48 1.36 
OCH Br + t-Bu0™ t-BuOH 60 2 al ie Vato 
@CH5Cl + EtO” EtOH 25 2 il Leo ay ee 

PCH Br + H,0 HCO,H 25 Nee 1 Sige) lewis 

OCHNC H+ EtO” EtOH 20 2 1 0.507 Uacee 
PCO,Et + OH” 85% aq. EtOH 25 2 HL 0.486 0.616 
$COCl + EtOH EtOH 0 ec 1 Ons 1 e006 ( 
Cyc? + EtO” EtOH 50 2 1 O.47s) 05310 
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The possibility that ions of opposite charge could co-exist in 
solution as ion pairs, held together by electrostatic attraction, had 
long been recognized as a consequence of the Debye-Huckel and Onsager 
theories on strong electrolytes. Mathematical methods for estimation 
fie importance of ion pairs from conductivity data had already been 

\ 
elaborated(7-10). However, it was the work of Winstein and his co-workers 
which provided the kinetic and stereochemical evidences for the formation 
of ion pairs as intermediate in solvolytic reactions. 

In the study-of the optically active norbornyl or threo-3-p- 
anisyl-2-butyl systems, Winstein et al.(11) found that racemization 
rates were faster than the solvolysis rates. For example, the 
racemization of optically active threo-3-p-anisy1-2-butyl—p-bromo- 
benzenesulfonate in acetic acid at 25° was four times faster than its 


solvolysis. This was again attributed to ion pair return which 


produces racemic starting material. 
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Extensive studies on solvolyses of sulfonium salts were done by 
Ingold and co-workers(12-19). They studied the temperature and solvent 
effects on the rate of solvolysis of primary, pecondary and tertiary subs-— 
tituted sulfonium salts. Swain, Kaiser and Knee(20) found that the 
decomposition of trimethyl- and tribenzylsulfonium halides in 90% acetone- 
10% water solution at 50-100 in the absence of strong bases involves 
neither carbonium ion formation nor solvolysis in the rate determining 
step, but instead a reaction with the anion. The kinetics appear first- 
order only because of exactly compensating salt effects. No reaction 
occurs under the same conditions, when a relatively non-nucleophilic 
anion such as perchlorate is used. They suggested that in 90% acetone- 
10% water, the reactants are dissociated ions. In solvents like pure 
acetone, “etrachioroethane, cte., they are probably mostly ion pairs 
or even larger aggregates. Reactions involving dissociated ions and 


ion pairs are illustrated respectively in Equations 1 and 2. 
2 + 
+ a> XKCH UE OUCH eS. Bg. i 
Xx (CH). : (CH), q 


X-(CH) 8° ————» XCH, Eq. 2 


Hyne and co-workers have published a series of papers on the 
solvolysis of sulfonium galts( 21-27)’. They have studied the effect of 
concentration, anion type, solvent variation, added salts and alkyl 


group variation on the rates of solvolysis of sulfonium salts. The 
results ee interpreted in terms of an increasing importance of an 


ion pair mechanism as the composition of the medium became less polar. 


Just as kinetic and stereochemical evidence was used to 
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he 
provide evidence for the importance of ion pairs as intermediates in 
solvolytic reactions of the norbornyl and threo-3-p-anisyl-2-butyl systems, 
the elucidation of the mechanisms of the reactions of sulfonium salts 
can also be greatly aided by sterochemical as well as kinetic studies, 
The stereochemical studies can be accomplished using optically active 
sulfonium salts and determining their rates of racemization. 

Balfe, Kenyon and Phillips(28) studied the racemization of 
phenacylethylmethylsulfonium iodide. They concluded that racemization 
involved a nucleophilic displacement on carbon by halide ion to produce 
inactive phenacyl iodide and ethyl methyl sulfide followed by formation 


of the racemic salt, 
0) ) 
pci ou Lo = Cp-e-cH sal + EtSMe 
2 . 2 
Me 
- if 
al 
7 4 -_ 
C)-bca,-s* x 
is 
Two other mechanisms which could account for racemization are: 
(i). Inversion about the central sulfur atom without cleavage of any of 
the carbon-sul fur bond analogous to the inversion of an ammonia molecule 
and (ii). For systems which can yield a stable carbonium ion, carbon- 
sulfur bond cleavage to yield cation and ethyl methyl sulfide ion- 


neutral molecule pair which would return to starting material or react 


with solvent to form products. 


The first evidence for the inversion of sulfur in sulfonium 
ions was reported by Darwish and Tourigny(29). They found that t-butyl- 


ethylmethylsulfonium salts racemized more rapidly than they decomposed, 
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At 50°, in anhydrous ethanol, the polarimetric rate constant, kw is 
about 10 times larger than the titrimetric rate constant, ke A 
Similar behavior was found in other solvents. 
In order to determine the mechanism which could account for 
the major path of racemization, a hydrogen in the t-butyl moiety was 


substituted by electron withdrawing or electron donating group. The 


four compounds studied denoted by I, II, III and IV have the following 


structures: I, X=H 
CH + _ 
cH,-¢-8-CH, CH, yi I RIES X=0CH., 
| CH, | 
y Hy Tid, X=CH., 
X 
IV, X=C He 


The relative rates of ethanolysis at 50° Of compounds [211 
PhiGese tvewere 1: 0,00 5) 0.5 >: 2.2.5 while the relative rates of 
racemization in ethanol at 50° of I : II : III : IV were 1: 1.7: 3.8 
Gir. 

Electron donating substituents accelerated the rate of solvo- 
lysis and electron withdrawing group ahs down the solvolysis rate. This 
is consistent with a mechanism involving heterolytic cleavage of the 
carbon-sulfur bond. On the other hand, the replacement of a hydrogen 
of the t-butyl group by a substituent accelerates the rate of racemi- 
tion whether the substituent is eigeeron withdrawing or electron 
donating. This result indicates that racemization of t-butylethyl- 
methylsulfonium cation involves a pyramidal inversion mechanism which 


was not influenced by the electronic effect of the substituents but 
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was influenced by the steric effect. If a hydrogen was replaced by some 
other bulkier group, either electron withdrawing or electron donating, 
the inversion mechanism will be accelerated by a steric effect since any 
group will increase the non-bonded interactions in the ground state which 
can be relieved at the transition state. Equation 3 illustrates the 


pyramidal inversion mechanism, 


R R 


ne 1 
q : 
R, a 


The racemization and solvolysis of phenacylethylmethylsulfonium 
perchlorate and of ethylmethylsulfonium phenacylide were investigated by 
Darwish and Tomilson(30). 

Mislow and Scartazzini(3l) have also shown biee this mechanism 
accounts for the racemization of the l-adamantylethylmethylsulfonium 
system. 

A study was made on the benzylethylmethylsulfonium system by 
Darwish and Hui(32). By introducing substituents into the p- and m- 
positions of the aromatic ring and studying their effects on the rates 
of solvolysis and racemization, they suggested two mechanisms to 
account for the behavior of the sulfonium salts on racemization, The 


compounds studied were V, VI, VII and VIII. 
VV, =X=H, Y=H 
x~ + a 
Vie &X=He Y=NO 
Y AAG pos a Ts c10, ’ j 5 
dade VII, X=NO,, Y=OCH, 


VIII, XH,  Y=OCH, 
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They showed that the major portion of the racemization for 
compounds V, VI and VII was accounted for by a pyramidal inversion 
about the central sulfur atom. Electron withdrawing or electron 
donating groups were found not to affect the rate of racemization 
Ssreniticantiy.9 At 50° 5 in anhydrous methanol, all three compounds 


racemized with a rate constant(k = oukenr cofia cent 'o x 10-6 sec.7t, 
2 


rac io 


Prnder Sone sane condition, the rélative rates of solvolysis of VY: VI 
were 1: 0.2. At 90, the relative rates of methanolysis of V : VII 
mere it. ': O65. 

Compound VIII was found to exhibit markedly different 
behavior from compounds V to VII. This compound undergoes solvolysis 
over three powers of 10 faster than V, in solvent methanol at 50, 
tThesrace Constant for racemization of VII, KY - Kis is larger than 
that for V by a factor of about 15. Since racemization by inversion 
was found not to be influenced by electron withdrawing or electron 
donating substituent, the accelerative effect of the p-methoxy group 
can not be explained by this mechanism. 

Two other processes might have accounted for the racemization 
of VIII. These are: (i). nucleophilic displacement on the primary 


benzylic carbon by the methyl ethyl sulfide, produced on the solvolysis 


of the sulfonium salt as shown in Equation }. 


k + 
2 
RCHSCH, CH, + CHSCH, CH, ——— RCHp SCH CH + Cabs ol Eq. ) 


CH 
CH. 3 


and (ii). carbon-sulfur heterolysis to yield ion-neutral molecule pair 


\ 


: toh { wokisastaa big ai ao ae Ee oriany 710i, ef Bite, aay > noe rat ae 
we babes tb el eobuaiva oe hrs baihaitcoan ait TW aie bel ev . 

mye fie le. "O08 , bracbitd big ; ioe oe “4 atte 

OE tae mee To). Dba ay) toate og ders “ommrot Sie 

Ai gniagg ies aetite Wits. Lond ain cal ant pints te - ci 
oie VOL® 5 va ida me sf = = x Divbel wtbrhpeyy Bul a Pr 
| V% | Y . CORLOV LOM tO Bera , ay) ‘Ha Te fl Lag yh Toren) ets Pair peer F 
| tie oy. YY ik SOMA Pst "oO is Pe avi ie (bay anol )'. ; Oe th ‘ed 
| | | ‘ihe ee 

Lees WEE) Wigley Red Pisa 44 ‘a a bay TatY sus a BT. ' 


_pieytales ceagiehan bogies anime cart ods We pple, Abo " 
OE detonation. taovide ind) Noted *ratoa OL, a eso) 


gate tabeel et 6) 4 - “A ity 19 ROL as Ether oes 4 Bt sah 


~y 


sash L 4d petipsiienar sng ks’ Fk ge ae zon ote ie 


ie wast "10 ens i ey i vo i) Bosneuzt ay sd orf be rtf 
“ pony pred soanrnay. tit Youd eat: 1S! seanatsay pis ght -etbithg 
i a org phad vd ia 


so tanbaan aa oth Bavemaste even sels mabe dent, ‘coil ae = + i / 


‘gy 


a erat ails cigs aewtonsibgatt GEE fer au “ti i + ~aer 


abeylorion nits tity bneiitetics eM fare seats ition PAY ww ‘ae 
1a 


i ders ae aa ‘es. dle 


ages 
which could react to give solvolysis product or return to racemic 


sulfonium salt as shown in Equation 5. 


+ CH ky CH Ky CH 
es be Sie ES 7 
ECS met sé 3 RS oo 
———_ Co 
FG.) 
k 


solvolysis product 

To investigate the first process, ethyl methyl sulfide was 
added. The addition of ethyl methyl sulfide was found to speed up the 
rate of loss of optical activity. The second-order rate constant, Ky, 
for the reaction shown in Equation 4 was found to be 7.4 x 10-4 1,mole sec. + 
at 50. For the racemization which accompanies solvolysis, it was shown 
that after 50% loss of optical activity, 36.6% of the sulfonium salt 
was found to have undergone solvolysis and 21% of the unreacted Aer 
‘racemic. Only about 1.3% of the wnreacted salt could have been 
racemized by nucleophilic displacement reaction. Since this process 
accounted only for a very small portion of racemization. The carbon- 
sulfur bond heterolytic cleavage mechanism was suggested to be a major 
pathway for racemization. This scheme accounted for the acceleration of 
both the solvolysis and racemization reactions by the p-methoxy group. 
This was also suggested to be a reasonable process, since the highly 
stabilized p-methoxybenzyl cation would be formed on bond heterolysis. 

This thesis will present further studies on both possible 
types of mechanism for racemization of sulfonium salts. Chapter I will 


present the results of further studies on ion-neutral molecule pair 
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reaction. Chapter II will be concerned with a more detailed description 
of the pyramidal iiueneion mechanism. 

In Chapter III, the nuclear magnetic resonance spectra of a 
number of sulfonium Seis will be presented and discussed. Recently, 
Coes Helmkamp et al.(33) and C. R. Johnson et al.(34) proposed on the 
basis of nmr studies that tetracovalent sulfur species exist as interme- 
diates in some reactions of episulfonium and alkoxysulfonium salts. We 
present nmr data to show that the chemical shift of substituents in 
sulfonium salts are influenced by the anions. These results and the 
work of Helmkamp et al. (33) and Johnson et al.(34) will be discussed in 


Chapter III. 
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CHAPTER I 


THE ION-NEUTRAL MOLECULE PAIR MECHANISM 


In this chapter, the syntheses and resolutions of M=nLCE O- 
benzylethylmethylsulfonium perchlorate(IX), 3-methyl-4-methoxybenzylethyl- 
methylsulfonium perchlorate(X) and 3,5-dimethyl-4-methoxybenzylethylmethyl- 
sulfonium perchlorate(XI) are described. The kinetics of their racemiza- 
tion and solvolysis are presented. Results of product analyses are Biko 
given. The results. obtained will be discussed with reference to the 
following topics: the ratio of racemization to solvolysis, temperature 
effects and solvent effects. The mechanisms of racemization of IX, X 


and~Xil-are deduced from the results. 


CH 
OCH 3 
io oy aa CH 2 d CH 2 
C10 C10, diay l-6t0, 
Hy ¥CH, CH CHCl CH CH, geil,Cl, 
3 3 3 
IX X XI 


SYNTHESIS AND RESOLUTION 


m-Nitrobenzylethylmethylsulfonium salt 


The. route followed for the synthesis of m-nitrobenzylethyl- 
Maeny led contin salts is outlined in Figure i. 

m-Nitrobenzaldehyde was reduced to m-nitrobenzyl alcohol with 
sodium borohydride. The m-nitrobenzyl bromide was obtained by bubbling 
hydrogen bromide through a benzene solution of m-nitrobenzyl alcohol. 


m-Nitrobenzylethylmethylsulfonium bromide was obtained by treating 


~m-nitrobenzyl bromide with ethyl methyl sulfide. m-Nitrobenzylethyl- 
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ms Vem 
methylsulfonium bromide was an oil. It could not be crystallized despite 
numerous attempts. 

Exchange of the anion of the sulfonium salt was accomplished 
by conversion to the hydroxide using a Dowex 1-x8 anion exchange resin 
in its hydroxide form followed by neutralization of the basic eluent 
with the appropriate acid, Resolution was accomplished by recrystalli- 
zing the d(+)-dibenzoylhydrogentartrate salt several times from a 
methanol-ether mixture. The less soluble dibenzoylhydrogentartrate salt 
gave the (+)-perchlorate salt. The (-)-perchlorate salt was obtained 


from the mother liquor. 


3-Methy1-4-methoxybenzylethylmethylsulfonium salts 


o-Methylanisole was obtained by treating o-cresol with a 

basic solution of dimethyl sulfate. The preparation of 3-methyl-4- 
methoxybenzyl bromide was based on a procedure described by R. Quelet 
et al.(35) for the synthesis of 3-methyl-4-methoxybenzyl chloride. The 
conditions had to be carefully controlled to insure formation of the 
desired product and to avoid formation of polymers. From this point on, 
the synthesis of 3-methyl-4-methoxybenzylethylmethylsulfonium salt was 
conducted in the same manner as described for m-nitrobenzylethylmethyl- 
sulfonium salt outlined in Figure lI. 

Figure II summarizes the route used for the synthesis of 3-methyl- 


4-methoxybenzylethylmethylsulfonium salt. 


-3,5-Dimethy1-4-methoxybenzylethylmethylsulfonium salts 


2,6-Dimethylphenol was converted to 3,5-dimethy1-4-hydroxy- 
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benzyl alcohol by reaction with a basic solution of formaldehyde. 3525 
dimethyl-4-methoxybenzyl alcohol was obtained by treating 3,5-dimethyl- 
4-hydroxybenzyl alcohol with a basic solution of dimethyl sulfate. From 
this point on, the synthesis of 3,5-dimethyl-4-methoxybenzylethylmethyl- 
sulfonium salt was conducted in the same manner as described for m-nitror- 
meee Techy lmetityisulidnidh Salt. outlined tin, Fisure sl, 

Table II summarizes the properties of some m-nitro-, 3-methyl- 
4-methoxy- and 3,5-dimethyl-4-methoxybenzylethylmethylsulfonium salts. 

The nmr and ir spectra of the optical isomers were superimposable 
upon those of the corresponding racemic salts. All compounds gave 


satisfactory analyses. 


KINETIC RESULTS: 

The kinetics of the solvolyses of the different sulfonium salts 
were studied by measuring the rate of appearance of acid. One mole of 
acid was produced for every mole of sulfonium salt solvolyzed as shown 
in Equation 6. 
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Unlike the t-butylethylmethylsulfonium salts, the substituted 
benzylethylmethylsulfonium salts gave no elimination product. 
The reactions follow first-order kinetics. The titrimetric 


rate constants, ke was calculated from the relationship: 
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Reactions were usually followed to about 85% completion. 
Good first-order rate constants were obtained. A straight line was 
obtained when logarithm of Ge - vo was plotted vs, time, A typical 
titrimetric rate analysis is shown in Table III(Run II-220), Figure 
III illlustrates the corresponding plot of Loo = Lee NS Gime for 
Run LI-220. | 

The rate of loss of optical activity was studied by following 
the change of optical rotation vs, time. A Perkin-Elmer Model 141 
Polarimeter using incident light beams of 436 mu and 365 my was 
employed. At these wavelengths the optical rotations are larger than 
mat enersodium) line, thus permitting a greater precision in vate 
determinations. A sealed ampoule method was used(Method I). Occassion- 
ally reactions were run in a thermostated polarimetric tube(Method II). 
These two methods are described in detail in the experimental section, 


The first-order rate constants were calculated from the relationship: 
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where a, A> 4, are the optical rotations at time 0, time t and 
time ~, respectively, Reactions were usually followed to about 85 


per cent completion and a good straight line was obtained when 
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TABLE III 


SOLVOLYSIS OF m-NITROBENZYLETHYLMETHYLSULFONIUM PERCHLORATE(0.02286 M) 
WITH ADDED 2,6-LUTIDINE(0.04835 M) IN ANHYDROUS METHANOL AT 90.00. 


RUN II-220. 


—_—_—— eee 
SESS 


Aliouot:5.00 ml. PirtventeNeOCh.. “OF03SLG6 (Mm: Indicator :Phenolphthalein. 
a 3 


Theoretical infinity titer:3.6 ml. 


—_—_——— eee 


Time Titer log(V_ - V,) 10K, 
(sec. ) (ml. ) (sec.-1) 
0 0.07 0.522) 

8160 0.22 0.5024 B02 
13560 0.29 0.4928 5.06 
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47100 0.79 0.4166 5. ke 
67140 1.04 063729 5 les 
82860 Is) 0.3263 54D 

100380 iS 0.2945 pee 
123480 1.66 | 0.2405 | 5 PAS) 
184500 26 0.0934 Peep 
2hhiho eyes 1.9h94 5.41 
512160 ate 1.3010 5.49 
1280340 3.4 Average 5.31 £0.14 
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V. =3.4 ml., 94% of the theoretical infinity. 
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Tog Coe a) was plotted vs. time. Typical examples of Methods I and II 
for measuring polarimetric rate constants of 3-methyl-4-methoxybenzyl- 
ethylmethylsulfonium perchlorate are shown in Table IV(Run III-75) and 
Table V(Run III-5), respectively, The corresponding plots of Log (a, =a.) 
vs, time are illustrated in Figures IV and V. Tables VI and VII show 
typical examples of rate runs for solvolysis and racemization of 3,5- 
dimethyl-4-methoxybenzylethylmethylsulfonium perchlorate. The corres- 
ponding plots of log(V. - ve and log(a. “a, ) vs. time are shown in tees 
VI and VII, respectively. 

Tables VIII, IX, X and XI summarize the titrimetric rate 
constants, ke polarimetric rate constants, ke and racemization 
rate constants, Se aL found for m-nitrobenzylethylmethylsulfonium 
perchlorate(IX), 3-methyl-4-methoxybenzylethylmethylsulfonium perchlorate 
(X) and 3,5-dimethyl-4-methoxybenzylethylmethylsulfonium perchlorate(XI1), 

The addition of ethyl methyl sulfide increases the rate of 
racemization of X and XI as shown in Tables IX and X. Plots of concen- 
tration of ethyl methyl sulfide vs. the rate constant of loss of optical 


activity, k are shown in Figures VIII and IX, 


aobs,’ 
fe) 
Product analyses of methanolyses of IX, X and XI at 90 were 
performed using the procedure as described in detail in the experimental 
section, The results are shown in Table XII. In each case, the 


corresponding methyl ether and acid were recovered in 94-102% of the 


theoretical yields. 
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TABLE IV 


RACEMIZATION OF (-)-3-METHYL-4-METHOXYBENZYLETHYLMETHYLSULFONIUM 


PERCHLORATE(0.03285 M) IN ANHYDROUS METHANOL AT oe RUN III-75. 


Time ee 
° 365m! toa? 4) 10°ka 
(sec. ) (sec.ay) 
0 =O. 528 1.7185 
3600 -0.474 1.6758 as 
5100 -0.457 1.6599 2.65 
7560 -0.428 1.6314 2.65 
11100 a) 3 el 1.5888 2.69 
14700 -0.352 1.5465 2.69 
18300 20323 1.5092 2.63 
54900 =Oel1.6 1.0645 Peyeh 
57900 -0.108 1.0334 2n1G 
62700 -0.09 2.9731 ah 
67200 -0.085 2.9294 2.70 
84300 -0.054 2.1324 2.69 
326100 | 0 Average 2.69+40.03 
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TABLE V 
RACEMIZATION OF (+)-3-—METHYL-4—METHOXYBENZYLETHY LMETHYLSULFONIUM 


PERCHLORATE(0.03523 M) WITH ADDED 2,6-LUTIDINE(0.07468 M) IN ANHYDROUS 


METHANOL AT 50.00°. RUN III-5. 


ey anes 
0 0.468 LO FO2 
120 0.41) 1.670 10. 2a. 
300 0.3h2 1,534 10.46 
480 6.278 1L.Ahho 10.85 
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720 0.210 eee nlnk lis 
1080 0.147 Tey 3 10392 
1260 0.116 1.0645 11.07 
1440 0.095 290 11.08 
2700 0.026 2 MA 50 10/72 
6600 @) | Average 10.9640. 32 
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TABLE VI 


SOLVOLYSIS OF (+)-3,5-DIMETHYL-4 -METHOXYBENZYLETHYLMETHYLSULFONIUM 
PERCHLORATE(0.03104 M) WITH ADDED 2,6-LUTIDINE(0.08898 M) IN ANHYDROUS 
METHANOL AT 50.00°. RUN II-262. 


merquets5:00 ml. Titrant >NadcH 0.03186 M. Indicator:Phenolphthalein 


ee 
Theoretical infinity titer:4.88 m1. 


Time Titer log(v,, - V,) 106k, 
(sec. ) (ml. ) Ge es 
0 0.48 0.6405 

7200 On65 0.6021 TAS) 
10800 1.06 0.5786 a 231. 
14460 Se Q25623 1.24 
18060 1536 0.5429 12h 
31920 1.91 0.4683 Ten 
392h0 2523 0.4183 1. 30 
49020 27525 0.3664 1.29 
81720 CASS OMLpEL od 
95880 Seek OmleT Teo 
82740* 4.85 Average 1. 2720-03 

V, = 4.85 ml., 99% of the theoretical infinity. 


* at 90°. 
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TABLE VII 


RACEMIZATION OF (+)-3,5-DIMETHYL-\-METHOXYBENZYLETHYLMETHYLSULFONIUM 
PERCHLORATE(0.03104 M) WITH ADDED 2,6-LUTIDINE(0.08898 M) IN ANHYDROUS 


METHANOL AT 50.00°. RUN II-26h. 


Time Oe nen log(a,- a+.) 109k, 
(sec. ) (secv- +) 
) 0.556 1.7404 
4260 0.499 1.6928 2.57 
7560 0.464 1.6609 2,12 
11160 0.421 1.6180 2.53 
14760 0.382 fs BOT 2any 
18360 0.361 235504 23 
22020 0.330 AP 505 2.40 
25620 0.301 1.4698 2.43 
29280 0.266 1.4150 2.56 
39480 0.208 1.3054 2.54 
46800 hse e225 NGS 
56580 0.140 cera) a5 
103500 0.045 2.5911 2.56 
277200 0.006 Average 2.49+0.06 
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TABLE VIII 


SOLVOLYSIS OF m-NITROBENZYLETHYLMETHYLSULFONIUM PERCHLORATE IN 


ANHYDROUS METHANOL. 


Run Temp. Isomer [Salt] [2,6-Lutidine] 10°k a 10°k p 10°k 7 
(°C) (M) (M) (sec, £1) (sec. 21) (sae ety” 

$82220 4690 dh F0502286 0.04835 553 bO. kG 

II-221 70 diy 90502286 0,04835 0.666+0,02 

BEI=205 50/0 a= 0.01963 0; 05267 03.2 215,.6 9245 

$i=225 50 diy f0802236 0.04835 0.0725 

II-222 50 a 0.03020 0.05608 645620416 6.5 


aye Titrimetric rate constant. ~b). polarimetric*rate constant, both 


pane were done by method I using \= 436 mu. Cc). es i Ky - kee 


d). extrapolated value. 
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TABLE 1X 


SOLVOLYSIS OF 3-METHYL-4-METHOXYBENZYLETHYLMETHYLSULFONIUM PERCHLORATE 


IN ANHYDROUS METHANOL. 


— 
ee ge eS eS ee ee 


Run Temp. Isomer [Salt] [2,6-Lutidine] [EtSMe] 10°,” ie 10°k 
GG) . *M) (M) (M) (sec. ~L) (sect-1) (sect #f) 

Tii=3650" + 0703523). .0/07468 0 768+ 16 

IlI-5 50 + 0.03523 0.07468 0 1096+ 32 328 

Tito, 50m’ di 0.028305. .0.06 + 0 774421 

TII-43-50 dl 0.02839 0.05687 0 781447 

Pr 20.50e 4) 0203009. .0 0 1250150 

Pt 2150 45 0.03009. 0 0 772+13 478 

ITI-48 25 dl 0.03188 0.05401 0 16.3+0.6 

[ios se  OL082e5~—~C 0 26.9+0.3 

PEN 10525" =. » 008209" | 0 0 16.541 10.4 

TiI-16 50 © dl 0.0236 0.07618 0.05325 731426 

Tli-17),50) +) 0.02995" 0 0.066 1191+55 

III-22 50 + 0.02995 0 0.066 711429 480 

Thiee7 50" +a 0203006 | 0 0.1329 1278439 

Tii-09a50 "8 Pee 0.03006. 0 0.1329 73849 540 

Trie407500 od! © 0.02877.) . 0.09771 0.1336 673415 

Mis S00.) 0602902 “0.09587 0.1307 11514112 

“Ur-42 50. - ~—-0.02902-—«0.09587 0.1307 723437 428 


TTI-=49° 25 div -0¢03206 0.06918 O-1165°14,62053 
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Run Temp, Isomer [Salt] [2,6-Lutidine] [EtSMe] jij ii) ag? il) as 
(eC) (M) (M) (M)  (sec.*1)(sec,—1) (sect 1) 

Rn nee SOnerNM er Se A eT ee 

III-46 i5= die 0.03187 — 007776 0.05812 15.640.5 

E94" 257 POT Ole a2 0 0.1224 30.440.9 

III-98° 25 = 0,02842 0 00122415. 54007 15 

eos” 257. sae OO ISao wr U 0.1224 31.541.0 

to: Sen Onn7e5 2° 10 0.06661 27.241.8 

Sei O50, | eee tor C2852) 0 0.06661 31,640.5 

III-99 255 te Oreo 0 0.06661 17.241.9 14.4 

Eipe.00eh 25" Vat’ 0.02902) 0 0.1383 14.1+0.6 

Pert00s8 (25. dil 0.02902) 0 0.1383 1740.2 

PEt tOles 250) di 0.02345... 0 0.06261 14,9+0.7 

Pit -10i-2 25) yal” Op 285” 0 0.06261 16.6+0.5 


a). Titrimetric rate“constant. b). polarimetric rate constant using 
Method I with A= BGS mu unless otherwise specified. c). Leas ky - kee 
d). polarimetric rate constant using Method II.. e). theoretical infinity 
used for calculating titrimetric rate constant. f£). From these runs, 
ne was plotted against [EtsMe], from the slope of the straight line 
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TABLE X 


SOLVOLYSIS OF 3, 5-DIMETHYL-4-METHOXYBENZYLETHYLMETHYL SULFONIUM PERCHLORATE 


IN ANHYDROUS METHANOL, 


Run Temp. Isomer [Salt] [2,6-Lutidine] [EtSMe] 10°, 7 10°,” Wo 
eo) (M) (M) (M) (Se6 Fy Cena ) 

ene nee UMC 4 S| Ee Be eg 

Te eS Om Taek 03.016 keel 0 14.6+0.3 

reo" 50" - 0.03074" 40 0 beste) aes 

II-262 50 + 0.03104 0.08898 0 12.740.3 

oI-26477°50° 9+ | .0,03104 —gyosses * 0 AN SedO sD 

2786250 dl 90,02948 ..0.07047 _0 12.90.09 

M1050) 4. 0403047, 10 0.05292 28.940.3 

III-13 50 + 0.03047 0 0.05292 15.3+0.6 13.6 

Diisiiy 50 + 0.03058 0 0.1023 32.14+0.8 

Treiemso. te) 20r0sgs8). 60 0.1023 15.0+0.4 ial 

iE elOeeSO) —) | 0) 03061.) 4 0.08876 | 0.2016 Epa 

TIT-726 50 = (0.03061 0.08876 0.1016 12/520.3 18.9 

Tlr-1ea 50 |= 0.03249. 0.08968" ~ 0.05429 2710s 

HU 76050) = 0.03249 0.08968 10,054297111,920.5 15.2 

I1I-206 70 0703194 0.04921 10 369411 

H=207- 7000519400892 125 

bite OonT0Te sediment Or05237 0. 00059 0 24043 


a) Metliberime tric pate rconstant. rib)... polavametrie jratesconstant using 


Method I with \=365mu. c). ok, k, d). From these runs, es 


was plotted against[EtSMe], from the slope of the straight line beens 
eee ele eee was obtained. e). From these runs, K obs. 2 


plotted against JEtSMe], from the slope of the straight line, chance 


= E= ext ‘ 
=6.47x10 : 1. mole : sec. was obtained. 
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TABLE XI 
RACEMIZATION OF 3,5-DIMETHYL-—4)-METHOXYBENZYLETHYLMETHYLSULFONIUM PERCHLORATE 


IN A VARIETY OF SOLVENTS. 


Run Temp. Solvent [Salt] Isomer [2,6-Lutidine] Wee 
Gc) (M1) (M) (sec.~1) 
III-7 50 CH,Clp 0.03611 + 0.08435 48.941.3 
TII-68 | 50 CH5Cly 0.03579 - 0.08001 NO eeS i 
Mil ( 1 jue 50 CHoClp 0.03603, - 0.04022 43,442.0 
TII-288-a" 70 CHCN 0.03290 + 0.1076 17 #10 
d200-B° 70 CH..CN 0.03290 + 0.1076 452411 
ITII-206 70 MeOH 0.03194 + 0.04921 369411 
III-289-a 50 CH,CN 0.03290 + 0.1076 28.4+0.7 
TII-289-B° 50 CH,CN 0.03290 + 0.1076 26mg £040 
II-264 50 MeOH 0.03104 + 0.08898 24.9+0.6 


a) Polarimetric rate constant using Method I unless otherwise specified. 
b). Method II was used for these runs,\ = 436mu . c). Method 


II was used for these runs,A =365mu . 
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DISCUSSION: 


In the studies of the solvolysis and racemization of 
sulfonium salts, rate constants corresponding to the reactions shown 
in Equations 6, 7, 8 and 3 are encountered very often and are summarized 


at this point for convenience in the future discussion. 


— SOH ROS Say | eeroue Eq. 6 
Ce eee 
Be k 
ng . 
BY 
at 
et k optically inactive material Eq. 7 


optically active 


7 R>$- 
N+ k racemic “1, 2 Eq. 8 
S qr oa ee 3 


optically active R 
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where k =titrimetric rate constant. 


k =polarimetric rate constant or rate constant for loss of 
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optical activity. This rate constant includes both 
decomposition and racemization of the active sulfonium salt, 


k = kok =2k =racemization rate constant, 


Tac. a 


k=(k -k,) /2=rate constant for eet inversion about the sulfur atom, 

Comparison of racemization and solvolysis rates: 

Two mechanisms which could explain the racemization of 
sulfonium salts are: 

i). Heterolytic carbon-sulfur bond cleavage to form an ion-neutral 
Pole Cateh pane which can either return to sulfonium salt or react 
with the solvent to yield substitution and/or elimination products, 
tEq. D, introduction). 

i) Pyranicalermversiton about the Sulfur atom, (Eq. 3)% 

The racemization of t-butylethylmethylsulfonium salts and 

a number of substituted systemsin which a hydrogen of the t-butyl 

group was replaced by a substituent have been interpreted as proceeding 

via the second mechanism. This mechanism was also used to account for 

the racemization of benzylethylmethylsulfonium perchlorate(V) and 

of, TiTr ehon beth seeetigen by, this oathney, Seat The racemization 

rate constants, k for V and VI were 6.3 x Tiber lorghs and6.61x 10 sec, 

respectively,in solvent methanol at 50.00°, The electronic effects 

of substituents which are directly attached to the central sulfur atom 

appear to be very small. 

Markedly different behavior was found(32) for p-methoxy- 
benzylethylmethylsulfonium perchlorate(VIII). For VIII, the rate 


=6 <I; = 
constants for methanolysis, key were. 3.94 x 10° see, and, 203 x 10 
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-1 O fe) ; 
sec. at 25 and 50 , respectively. At the same temperatures in 
solvent methanol, the racemization rate constants, k » were 2.65 


Baer 


x IOneee. Te and. LOS x io 1° Zante 


». respectively. The ratio of k fk, 


was 1.5 at 50°. In methanol at 50°, VIII underwent solvolysis three 
powers of ten faster and racemized 15 times faster than benzylethyl- 
methylsulfonium perchlorate(V). 

To distinguish between racemization by pyramidal inversion 
and by the heterolytic carbon-sulfur cleavage to form an ion-neutral 
molecule pair, p-methoxy-m-nitrobenzylethylmethylsulfonium perchlorate 
(VIL) was prepared(32). If the racemization of p-methoxybenzylethylmethyl- 
sulfonium perchlorate(VIII) involved pyramidal inversion then there 
should be no significant difference in the values of oes for compounds 
VII and VIII since the electron withdrawing p-nitro group was shown 
to have no significant effect upon pyramidal inversion rates, The 
solvolysis of VIII should be ca. 10° times faster than the solvolysis 
OG VEG.» in contrast, if the C-S bond heterolytic cleavage mechanism 
best described the principal pathway for both solvolysis and racemization 
of VIII then both reactions by this pathway should be very much slower 
for VII than for VIII. The latter type of behavior was observed 
experimentally. The rate constant for racemization Sar e Bor Vali 
at 50° in solvent methanol was 6.87x 10° seers which was very close 
to the aus values of 6,3x TOR oie and6.61x Tome oie for V 
and VI, respectively, under the same conditions. At 90. the rate 
constant for methanolysis of VII was found to be 1.6 x Lore seca 
comparable to the value of 2.45 x ee =o chae for methanolysis of 


V at 90° obtained by extrapolation from data at lower temperatures. 
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While these data were taken as strong support for an ion- 
neutral molecule pair reaction, there remained the possibility that a 
m- and p-nitro substituent would not have the same type of electronic 
eifects, For this reason, m-nitrobenzylethylmethylsulfonium perchlorate 
(IX) was synthesized and its racemization rate was studied. The rate 


constant for racemization, k 1) (LOL MEX US Fesecten aT a while Kk. 


rac. ac. 


for VI was found to be eee sce. at 50 in methanol (32). This 

result shows that the m-nitro group exerts the same electronic effect as 

a p-nitro group. Hence, the conclusion that the acceleration of 
racemization rate of p-methoxybenzylethylmethylsulfonium perchlorate was 
caused by a mechanism other than inversion is further confirmed. The 
predominant pathway for racemization of p-methoxybenzylethylmethylsulfonium 
perchlorate involves the carbon-sulfur bond heterolysis mechanism. 

The relative racemization rate constants, cae ¢ of menitro= 
benzylethylmethylsulfonium perchlorate(IX) and 3-methyl-4-methoxybenzyl- 
ethylmethylsulfonium perchlorate(X) in solvent methanol, at 50% 
compared to that of benzylethylmethylsulfonium perchlorate(V) are 0.96: 
wo: liGlable, XLLit), @fhe rate of racemization of IX is comparable to that 
of V which suggests that IX also ie eee predominantly by the pyramidal 
inversion mechanism. Compound X racemizes very much faster. In anhydrous 
methanol at 50°, the racemization of X is @ost8).10) eee ae as compared 
to a value of 105 x 10Fe eee for p-methoxybenzylethylmethylsulfonium 
perchlorate(VIII). The ratio of polarimetric rate constant to titrimetric 
rate constant, k /k, for X is 1.4 comparable to that for VIII which is 


1.5. Therefore X and VIII undergo racemization by similar mechanisms and 
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rule out pyramidal inversion as the principal pathway for racemization. 
One other process which might account for the racemization 
of 3-methyl-4-methoxybenzylethylmethylsulfonium perchlorate(X) would 
involve nucleophilic displacement on the primary benzylic carbon by the 
ethyl methyl sulfide produced in the solvolytic reaction of compound 


X as shown in Equations 6 and 9: 


k 


s ROS. -f | ReSMe +t) Nepdeee 
A . 


Et 


optically active 


R 
at k hange R-$-Me E 9 
EtSMe + Ss pbLM a2 Ai etlhok Meeker me as 
1 Et 
Me racemic 
Et 


optically active 


Run III-82 shows that under the conditions of solvolysis 
and racemization, i.e., in anhydrous methanol at 50.00°, 3-methyl- 
4—-methoxybenzylethylmethylsulfonium perchlorate reacts with the added 
dimethyl sulfide to yield 3-methyl-4-methoxybenzyldimethylsulfonium 
perchlorate. This result indicates that the reaction sequence shown 
in Equations 6 and 9 could bring about racemization of the active 
sulfonium salt. In Run III-82, there was a large excess of added 
sulfide. The importance of such a sequence where the ethyl methyl 
sulfide is present in low concentration and is formed only on solvolysis 
of the sulfonium salt can be gauged by a kinetic analysis. 

The average concentration of ethyl methyl sulfide at 50% 


loss of optical activity, Des was calculated using Equation 
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10 while the per cent racemization caused by exchange of ethyl methyl 
sulfide with starting material was calculated using Equation 11. Equations 
10 and 11 are analogous to the equations used by Goering and Levy(36) in 


their studies of the mechanism of solvolysis of benzhydryl p-nitrobenzoate, 


eg Le: [EtsMe] Eq. 10 


[EtsMe] , =[Salt} {1 + I/k tes 
where: 
CAD beara average concentration of ethyl methyl sulfide from 0 to 
50% loss of optical jem tan. 
[EtSMe] = concentration of ethyl methyl sulfide at the start of the 
reaction. This is equal to 0, since no ethyl methyl sulfide 
was Lachey inti Ley. 


[Salt], = molar concentration of the sulfonium salt at t=0. 


ke = solvolysis rate constant. 
2 = tite ac 90, loss of Optical activity. 
=k EtSMe ie 
% racemization by exchange=100[1l-e Se cnneas ver ] EG arn bi 
where: 


% racemization by exchange=% racemization caused by nucleophilic 
displacement of ethyl methyl sulfide formed 
on solvolysis on the primary benzilic carbon 
of the sulfonium salt. 

k = second order rate constant obtained from the slope of the 

exchange 

straight line drawn when ie was plotted against the con- 


centration of ethyl methyl sulfide. 


t = time at 50% loss of optical activity. 
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The second-order rate constant ennnee the nucleophilic 
displacement on the primary benzylic carbon by ethyl methyl sulfide was 
obtained from the slope of the straight line shown in RieuregVitt. [his 
was calculated to be 2,03 x OS ak oe Po for 3-methyl-4—methoxy- 
benzylethylmethylsulfonium perchlorate. 

The results calculated using Equations 10 and 11 are 
presented in Table XIV. At 50% loss of opitcal activity, the average 
concentration of ethyl methyl sulfide be ae for the solvolysis 
of a 0.03 M solution of 3-methyl-4-methoxybenzylethylmethylsulfonium 
perchlorate(X) in methanol at 25° was found to be 0.0056 M. After 50% 
loss of optical activity, 25.5% of the sulfonium salt has undergone 
solvolysis. Of the unsolvolyzed salt, 31.6% must be racemic. Only 
about 0.4% of the unsolvolyzed salt could have racemized by the scheme 
oe in Equation 9. Therefore nucleophilic displacement on the primary 
benzylic carbon by ethyl methyl sulfide as shown in Equation 9 plays 
a very minor role on the racemization of 3-methyl-4-methoxybenzylethyl- 
methylsulfonium perchlorate(X). The predominant pathway for the race- 
mization of X involves carbon-sulfur bond heterolysis to yield an ion- 
neutral molecule pair which could either react to give solvolysis 
products or return to racemic sulfonium salts as shown in Eq. 5 
Pineau tony 

The replacement of a hydrogen ortho to the methoxy group 
in p-methoxybenzylethylmethylsulfonium perchlorate(VIII) by a methyl 
group accelerates the rates of solvolysis and racemization. At 50.00°, 


in solvent methanol, X solvolyzes 3.8 times faster and racemizes 3.6 


times faster than VIII. These substituent effects are consistent with 
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TABLE XIV 


% RACEMIZATION CAUSED BY EXCHANGE OF ETHYL METHYL SULFIDE. IN THE 


SOLVOLYSIS OF SUBSTITUTED BENZYLETHYLMETHYLSULFONIUM SALTS IN METHANOL. 


Dares 2pCH, CH, x7) 


R X- Temp. [salt] [EtsMe],, *% racemization 
( °c) (M) (M) ; e_neechenge 1) by exchange 
p-CH3 C10," 50 0.027 0.00086  6.03x10~? 0.5 
Boat Cus | 
4-OCHz ~C10,7 50 0.03. 0.0043 12ox10z> 0.9 
sacl. : 
OCH. NOM 25 70.03 0.0056 21x07 0.4 


p-Cl Br BUse 0 s0se) 7 602 0022 2.7x107? 0.3 
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a reaction involving a carbonium ion intermediate and provide further 
confirmation that both racemization and solvolysis are proceeding via 
similar reaction processes, It should be noted that pyrmidal inversion 
can still occur with these systems. Using the assumption that the rate 
constant for inversion of these salts are the same as the be constants 
for inversion of benzylethylmethylsulfonium perchlorate, then less than 
2% of the racemization of X occurs by way of pyramidal inversion. 

By substituting both hydrogens ortho to the methoxy group of VIII 
by methyl groups, one might have expected a greater acceleration of both 
the solvolysis and racemization rates due to electronic effect, However, 
sterically, these two methyl substituents can hinder the p-methoxy group 
from becoming planar with the ring and prevent resonance stabilization of 
the carbonium ion, The study of the kinetics of solvolysis and racemiza- 
tion of 3,5-dimethyl-4-methoxybenzylethylmethylsulfonium perchlorate(XI1) 
shows that the steric effect is more important than the electronic effect. 
Both the racemization and solvolysis rates of this compound are slower 
than those of p-methoxybenzylethylmethylsulfonium perchlorate(VIII) and 
3-methy1-4-methoxybenzylethylmethylsulfonium perchlorate(X). At 50.00°, 
in solvent methanol, 3,5-dimethyl-4-methoxybenzylethylmethylsulfonium 
perchlorate(X1) solvolyzes with a rate constant, Kye equalsnton Cl 2.72053) 
x ees S4aro while the rate constant for racemization, eto! is 
(19220 Oo) 1 Ome ceet an see Table XIII). The relative rate constants of 
solvolysis of X : VIIZ : XI are 1: 0.26 : 0.017 and their relative rate 
constants of racemization are 1 : 0.32 : 0.037, 

Nucleophilic displacement by ethyl methyl sulfide on the 
primary benzylic carbon as shown in Equation 9 and Table XIV serves as 


Oo . 
a minor pathway of racemization for XI. At 50.00, in solvent methanol, 


after 50% loss of optical activity, 33% of the sulfonium salt has 
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Ey Rees 
undergone solvolysis. Of the unsolvolyzed salt, 25.4% must be racemic. 
Only about 0.9% of the unsolvolyzed salt could have been racemized by the 
scheme shown in Equation 9. 

These results. obtained for the study of the racemization and 
solvolysis of 3, 5-dimethy1-4-methoxybenzylethylmethylsul fonium perchlorate 
(XI) provide unequivocal confirmation for the mechanism of racemization 
of p-methoxybenzylethylmethylsulfonium perchlorate(X), The only way in 
which the addition of the second methyl group could effect a lowering of 
the racemization and solvolysis rate constants would be by steric inhibi- 
tion of resonance of the methoxy group with the aromatic ring. Hence, 
for VIII and X, a carbonium ion species must be formed, 

This still leaves open the mechanism of racemization of XI, The 
racemization rate constant, kes of XI in solvent methanol at 50.00° 
is 1.79 times larger than that of benzylethylmethylsulfonium perchlorate 
(V). If one assumes that the rate constant for inversion ke is the same 
for V and XI, then one must invoke an additional pathway to account for 
about 45Z of the racemization of XI. Conceivably, ion-neutral molecule 
pair formation and return accounts for the enhanced rate of racemization, 
However, one can not rule out a small substituent effect on racemization 


by inversion. At this stage, a final decision can not be made on the 


mechanism of racemization of 3,5-dimethyl-4-methoxybenzylethylmethylsulfo- 


nium perchlorate(XI). 


Solvent Effect 


Table XI shows the rate constants for loss of optical activity, 
a ame sp 3,5-dimethyl-4-methoxybenzylethylmethylsulfonium perchlorate 
a . 


in a variety of solvents. The relative racemization rate 
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constants are as follows: anhydrous MeOnAOGe ee 0G ; acetonitrile 
25 ; 20 
Ce-*=36.2) *nethy lene=chloride(e  =9.08)\ are! 1°: 1. G? oe hel nuhbere 
in parentheses are the dielectric constants at the corresponding tem- 
peratures. Thevsmal increase inthe racemization rates in less’ polar 


solvents like methylene chloride shows that the effect of dielectric 


constant of the solvent on the racemization rate is very small, 


Temperature Effect 
To determine the effect of temperature on the rate of 
solvolysis and racemization, the Arrhenius equation was employed(37): 


k = pene RE 


Ege 2 
For reactions in solution, the heat of activation(37) is given by Eq. 


ABE. - RT = (E, - 0.59) kcal. /mole at ya as Eq. 13 


The entropy of activation, AS*, is derived from the equation 14(37): 


AS*/R ,. _AH*/RT 
e e 


ke k, (T/h) 8 Eq ta 


where k, is Boltzman's constant and h is Plank's constant, 


Thus at 25-8 


AS* = 4,576(log ko 50 = 11207971 SHA /1es65)yenku. 


For racemization, the polarimetric rate constants were corrected to 


account for solvolysis occurring at the same time. 


where k is the specific first-ordérgrate ¢onstant for the 
r 


racemization, 
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The values calculated for the enthalpy and entropy of 
activation for the racemization and solvolysis of the different salts 
in various solvents are presented in Table XV. 

Table XV shows the activation parameters calculated for 
solvolysis of m-nitrobenzylethylmethylsuflonium perchlorate(IX), 
3-methyl-4-methoxybenzylethylmethylsulfonium perchlorate(X) and 
3,5-dimethy14-methoxybenzylethylmethylsuflonium perchlorate(XI) at 
Dom The energies of activation (E) and enthalpies (AH*) for solvolysis, 
loss of optical activity and racemization of all three compounds are 
similar to each other, 

One feature worth noting is that the solvolysis of 
m-nitrobenzylethylmethylsulfonium perchlorate(IX) in methanol gave 
a negative entropy value while a positive entropy value was calculated 
for 3-methyl-4-methoxybenzylethylmethylsuflonium perchlorate(X) and 
3,5-dimethy1-4-methoxybenzylethylmethylsuflonium perchlorate(XI). For 
solvolysis of the sulfonium salts in methanol, there are three 
resonance structures that must be considered in representing the 


transition state, This is illustratedin Equation 15. 


R. R 
“Hog POO — 
ti 
+ ROH + QAEt = € vit 
bu, Sit RQ CH, SG,_ RO CHS SEt RG CHy Sy, 
Me H Me 
je: Bt on 
IX; Rem-NO, 
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TABLE XV 


ACTIVATION PARAMETERS FOR THE SOLVOLYSIS AND RACEMIZATION OF m-NITRO-, 


3-METHYL-4-METHOXY- AND 3,5-DIMETHYL-)-METHOXYBENZYLETHYLMETHYLSULFONIUM 


PERCHLORATES (% Ycu,,ScH, CH ) AT 25.00°. 
= 2 2 as a 
R C10), 
CH. 
Rena Reaction Solvent ue AH* AS* 
m-NO, - solvolysis methane!  25.620.7. "25.020. 7 ~1847 
loss of optical 
activity methanol 29.130.5 20.5205 6+1 
racemization methanol 29.14+0.5 28.6+40.5 641 
3-CH.- solvolysis methanol. 29.310.7 20. (+061 Ore 
4-OC 3 
loss Of optical 
activity methanol 29.3+0.4 28.7+0.7 obyeal 
racemization methanol 29.24+1.2 28.64+1.2 1544 
3,5-diCH- solvolysis methanol 32.340./) 31. 74+0.4 Ge 
4-OCH. 
loss of optical 
activity methanol 29.6+0.5 29 +0.5 LOLT 
racemization methanol 25.9+2.0 25.34+2.0 =ot6 


loss of optical 


activity acetonitrile 30.8:0.6 30.240.6 1442 
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For compounds X and XI, the resonance structure A' is important since the 
benzylic carbonium ion is stabilized by electron donating substituents 
on the aromatic ring, the methyl groups and the methoxy group. On 
solvolysis, compounds X and XI will attain a transition state 
resembling A'. This is a limiting case in Winstein's terminology(38) and 
represents a system where a discrete carbonium ion is formed as an 
intermediate in the reaction. A greater degree of freedom is attained 
in the transition state than in the ground state. This accounts 
for the positive entropies of activation for X and XI. 

For compound IX, the electron withdrawing nitro group 
will render structure A' less important. The transition state for 
solvolysis of this compound in methanol would best be described by 
structure D', which is the combined form of resonance structures 
A', B' and C'. This reaction would be classed as a 'nucleophilic' 
process in Winstein's terminology and there would be considerable nucleo- 
philic character to the solvent assistance at the transition state. A 
decrease in the degreesof freedom at the transition state compared to 


the ground state could give rise to the observed negative entropy 


value, 
R 7 he R=m-NO, 
XII, R=p-Cl 
preeey) sates XIII, R=p-CH, 
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CHAPTER II 


THE PYRAMIDAL INVERSION MECHANISM 


A more detailed description of racemization of sulfonium 
salts by the pyramidal inversion mechanism about the sulfur atom is 
presented in this chapter. The following sulfonium salts were synthesized 
and resolved into their optical isomers: p-chlorobenzylethylmethyl- 
sulfonium perchlorate(XII), p-methylbenzylethylmethylsulfonium 
perchlorate(XIII) and p-chlorobenzylethylmethylsulfonium bromide(XIV). 

The kinetics of racemization and solvolysis of XII and 
XIII as well as the results of product analyses are given and compared 


with the kinetics of racemization and solvolysis of XIV. 


SYNTHESIS AND RESOLUTION 


p-Chlorobenzylethylmethylsulfonium perchlorate(XIV) and p-methylbenzyl- 
ethylmethylsulfonium perchlorate (XV). 

The route followed for the syntheses of compounds XII and 
XIII is illustrated) invFigure I(Chapter I) where R is p-chloro-/or[p- 
methyl-for XII and XIII, respectively. p-Chlorobenzaldehyde and p- 
methylbenzaldehyde were reduced to the corresponding alcohols with 
sodium borohydride. p-Chlorobenzyl bromide and p-methylbenzyl bromide 
were obtained by bubbling hydrogen bromide gas through benzene solutions 
of the corresponding alcohols. p-Chlorobenzylethylmethylsulfonium 
bromide and p-methylbenzylethylmethylsulfonium bromide were obtained 


by treating p-chlorobenzyl bromide and p-methylbenzyl bromide, respectively, 
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with ethyl methyl sulfide. Other salts were obtained by the conversion 
of the sulfonium bromide into the hydroxide using a Dowex 1-x8 anion 
exchange resin in its hydroxide form, followed by neutralization of 

the basic eluent with the appropriate acid. The optically active 
perchlorates were obtained by resolution of the 2R, 3R-dibenzoylhydrogen- 
tartrates followed by replacement of the dibenzoylhydrogentartrate anion 
by perchlorate, Details of the procedure are presented in the Experi- 
mental section and some of the properties of the sulfonium salts are 


Pistea tin staple XViL. 


RESULTS 


The rates of racemization and solvolysis of p-chlorobenzyl- 
ethylmethylsulfonium perchlorate(XII), p-methylbenzylethylmethylsulfo- 
nium perchlorate(XIII) and p-chlorobenzylethylmethylsulfonium bromide 
(XIV) were measured in a variety of solvents in the same manner as was 
employed for m-nitrobenzylethylmethylsulfonium perchlorate(IX), 
described in Chapter I. All rates were followed to ca. 85% completion. 
Good straight lines were obtained when log(V, - yy) or moe (ico o) 
were plotted against time. Typical examples of rate runs for solvolysis 
and Sees coer are presented in Tables XVII, XVIII, XIX 
and XX, The corresponding plots of log(V, - Veo) and log (a, - o) 
against time are shown clearly jn Figures X, XI, XII and XIII, 

Tables XXI, XXII and XXIII summarize the titrimetric rate 
constants, ke polarimetric rate constants, ke and inversion rate 
constants, kj), found for p-chlorobenzylethylmethylsulfonium perchlorate 
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TABLE XVII 


SOLVOLYSIS OF p-CHLOROBENZYLETHYLMETHYLSULFONIUM BROMIDE (0.03476 M) 
WITH ADDED 2,6-LUTIDINE (0.04335 M) IN ANHYDROUS METHANOL AT 90.00. 


RUN III-171. 


Aliquot :4.93 ml. Titrant:NaOCH 0.03186 M. Indicator :Phenophthalein. 


Ce 
Pheoretical infinity titer:5.38 ml. 


Time Titer log(V.- vy) 10°k, 
(sec. ) (m1. ) (sec.-1) 
0 OF61 0.6902 
840 fel 0.6335 1. 55 
1560 IRAs 0.5775 1.66 
2460 225 0.5132 12.66 
3720 2.89 0.4183 Dales) 
5280 3.69 0.2601 eo 
7080 413 0.1399 1.79 
12000 4.92 1.7709 1.76 
97860 5.51 Average 1.7140.08 


Vo =>-Oinmis, 10a, Of they eheorevicat infinity. 
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TABLE XVIII 


RACEMIZATION OF (+ )-p-CHLOROBENZYLETHY LMETHYLSULFONIUM BROMIDE 


(0.03282 M) WITH ADDED 2,6-LUTIDINE(0.04241 M) IN ANHYDROUS METHANOL 


AT 50.00. RUN IV-66. 
(eae) HS6ny BBs tOB(ar MMOS Oar oe) | Mayas 2O7F eam 
OO. eon TOE 143502 7.6075 
7200 205 iiss | URAC ils) T.5658 ees 1238 
15660 0.133 eRe lageele 202 5 AE SIGS 1.29 20 
26460 0.163 ee amen 122 65H 120 12H 
35220 0.140 Pe 5eue flor ae onnn eee 1. 3 
64800 0.092 26950 2. 9090 2279 WSS 1.65 
85980 0.068 lesa) 2.0625 r.0899 ee 2.59 


540000 


Average 1.3040.06 1.32+0.0h 
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TABLE XIX 


SOLVOLYSIS OF p-CHLOROBENZYLETHYLMETHYLSULFONIUM PERCHLORATE 
(0.02202 M) WITH ADDED 2,6-LUTIDINE(0.03088 M) IN ANHYDROUS METHANOL 


mr 7000... “RUN 11-200. 


AlLrquoGg:> ml. Tatrant:NaOCH 0.03186 M. Indicator:Phenolphthalein. 


oy 
Theoretical infinity titer:5.38 ml. 


Time Titer log(V,, - V,) 106k 
(sec. ) (m1. ) (sec. 1) 
0 0.08 

79500 0.545 0.0622 1.80 
190560 1.25 O21 550 1.87 
268200 D5 0.2225 1.91 
4LOL00 2EOs 0.3570 1. 87 
529800 ed O.42h2 1.84 
687600 22505 635525 1.85 
855360 2535 0.6965 1.88 
6047382 3.56 Average 1.86+0.03 


a). At 90.00°. b). V, = 3.56 ml., 103% of the theoretical infinity. 
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TABLE XX 


RACEMIZATION OF (-)-p-CHLOROBENZYLETHYLMETHYLSULFONIUM PERCHLORATE 
(0.04369 M) WITH ADDED 2,6-LUTIDINE .(0.0693 M) IN ANHYDROUS METHANOL 


AT 50.00°. RUN II-266. 


Time 3m log(a,- a4) 105k, 
(sec. ) (sée,77) 
0 -0.710 PU 6513 
6000 -0.683 1.834) 6.49 
9600 -0.667 1.82h1 6.53 
13200 -0.650 1.8129 bon 
16920 -0.636 1.8035 Goi 
24660 -0.603 1.7803 6.63 
28140 -0.589 aL acon 6.65 
35340 -0.557 59 6.87 
40680 -0.541 1.7332 6.69 
45780 =0.526 a. 7210 6.55 
80220 [o.428 1.6263 6.46 
91860 =07391 1.5922 6.5 
105000 =02250 1. ouk1 6.74 
115320 -0. 334 ocak 6.54 
168300 = 236 1.3729 6.55 
86400 0 Average 6.60+0.09 
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(eo) 
a). Polarimetric rate constant. b). at 90.00. 
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TABLE XXIII 


SOLVOLYSIS OF p-CHLOROBENZYLETHYLMETHYLSULFONIUM BROMIDE IN METHANOL WITH 


ADDED 2,6-LUTIDINE AT VARIOUS TEMPERATURES, 


€ 


Run Temp. Isomer [Salt] [2,6-Lutidine ] es 10°,» 10°(k,~k,) /2 
e (M) (M) (sec. 4) (sece-L) (sec sal) 

IITI-168 90 # 0.02698 0.06042 Lo 2aw 

rit—1.7 | 90 a 0.03476 004335 171+8 

I1I-170 50 + 0.03476 0.04335 2,91+0.08 

Pei 1O7 50 zt 0,03286 0.04451 2/220 @2 9 

TET172—-A° 50 4 On02519 GO) 0S221. AS AM ile EN cash! an O)A 

fi172-8° 50 te mmG.02510 1) 0,08221 12,940.54 5,0+0.3 

105-4" 50 t 0,02616 O,0827% TS, 42st 320. 0 

TIE-105<B 50 ce 0.02616 0.08277 PS 56205 295 7440.1 

a). Titrimetric rate constant. b). polarimetric rate constant. Cc). 

gnvs.term is not equal to. the dmversion rate constant,k,. d). polarime- 


tric rate constant obtained using \A=365 mp . 


constant obtained using \=436 mu. 


e) polarimetric rate 
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(XII), p-methylbenzylethylmethylsulfonium perchlorate(XIII) and p-chlo- 


robenzylethylmethylsulfonium bromide(XIV) in methanol. Compounds XII 
and XIII racemize with rates comparable to each other while XIV racemizes 
1.18 times faster than XII hee 1a pies than x) oi. 

For compounds XIV, the owen ion concentration was determined 
by the Volhard method described in detail in the experimental section. 
Table XXIV shows the z«esult obtained when bromide ion concentration in 
Beeci solvate of p-chlorobenzylethylmethylsulfonium bromide in methanol 
at 25° was determined by the Volhard method. There is first a very 
slight decrease in the amount of bromide ion in the solution and then an 
increase in bromide ion Pe tecnerarion until the titer is equivalent to 
that used for the first point. This result can be explained by the scheme 


shown in Equation 16: 


mer yk EN k vy 
/ ).cH,Br + EtSMe _“s_. Ci \-CH,OCH 
Oe are oe ae Oey > Dee 3 
| H, + Eq. 16 


k, CEtSM k 
optically active a 2 dec. HBr 


: jE = 
Cl. ot Peo teaes Br 


5} 
racemic 
The solvolysis of p-chlorobenzylethylmethylsulfonium bromide 
(XIV) results in the formation of p-chlorobenzyl bromide which can react 
with the tent methanol, to give p-chlorobenzyl methyl ether and 
hydrobromic acid. The p-chlorobenzyl bromide may also react with the 


ethyl methyl sulfide formed in the reaction to give starting material 


which is racemic with a rate constant Kos 


The pseudo-first-order rate constant observed for the solvolysis 


of p-chlorobenzyl bromide with various concentration of ethyl methyl sulfide, 
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TABLE XXIV 
SOLVOLYSIS OF p-CHLOROBENZYLETHYLMETHYLSULFONIUM BROMIDE IN ANHYDROUS 
METHANOL (DETERMINATION OF BROMIDE ION CONCENTRATION BY VOLHARD METHOD) 


AT 50,00°, RUN IV-11. 


Peed.) om, ft erant: "ACNO OF030244M > KSCNer 70. 05077 tt: 


Bye 


Indicator: Ferric Alum. Theoretical, Infinity Titeree4, 96eml. of AgNO, 


Calculated in “terms of mi, of KSCN. 


Time Volume of Volume of AgNO, calcd. KSCN Net ml, of AgNO, calcd. 


Agno. in terms of KSCN in terms of KSC 

(sec. ) (ml.) (ml. ) (ml. ) (ml. ) 
0 10 Ge Bey sl): 5.04 4,80 
5.00 4,84 
600 10 CUS te oie 4,89 4,95 
D53cueel0 9.84 5.10 4.76 
6060 5 4,92 0.23 4.69 
9300 5 4,92 a2 4.70 
19560 ‘5 4.92 0.46 4.46 
25980 5 4.92 0.54 4, 38 
35640 10 9.84 Be) 4.14 
63120 5 4.92 0.75 fea 
0.75 4.17 
84180 5 - 4.92 0,7 Ne) 
188460 5 | 4,92 0.52 4,40 
341640 5 4,92 0,28 4.64 
446520 5 4,92 0.24 4.68 
451020 5 4,92 0.15 a 
517860 5 | 4,92 see pee 
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TABLE XXV 


SOLVOLYSIS OF p-CHLOROBENZYL BROMIDE IN METHANOL AT 50.00. 


per [2,6-Lutidine] [EtSMe] Ko x10? 
(M) 


Run [p-C16CH 

7 (M) (M) (seeS+1) 
IV-13 0.0359 0.05297 | 0 148740.29 
IV-18: 0.03577 0.03380 0 1. 740.06 
Iv-12 0.03575 0.0408 Os00S2Li 2.352 0.22 
IV-16 0.03576 0.04838 0.01757 | 3.302073 
IV-17 0.08576 0.04802 0.02880 Ff 4Rece 0.23 
Iv-6 0.03642 G2. 0517 0.03659 4.64t0.19 
Iv-9 0.03574 0.05088 0.04943 7.10tO. 44 
IV-19 0.0359 0.04067 0.06366 § 9-55210520 
IV-10 0.03595 | 0.05476 0.07668 Pe.2 40-4 
IV-15 0: 03576 0.04470 O-07680 BLO7G0.5 


My =20 0.03578 0.04128 OOl01S. 95. 97 0-3 
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ates » was determined by the Volhard method. The results obtained are 


tabulated in Table XXV. The corresponding plot of ko vs. concentra- 


bs, 
tion of the ethyl methyl sulfide is shown in Figure XIV. The second- 
order rate constant ko» Was obtained from the slope of the straight line 
shown in Figure XIV and was found to be 1.08 x 10m ie ol eee The 
intercept corresponds to the rate of solvolysis of p-chlorobenzyl bromide 
in the absence of ethyl methyl sulfide. A typical rate run for the 
solvolysis of p-chlorobenzyl bromide in methanol at 50.00° is illustrated 
in Table XXXI. The corresponding plot of log(V,-V,) vs. time is shown 

in eRisure »AVIL. 

The observed rate constants for loss of optical activity, Boe 
of p-chlorobenzylethylmethylsulfonium bromide(XIV) and p-methylbenzyl- 
ethylmethylsulfonium perchlorate(XIII) increase with increasing concen- 
trations of added ethyl methyl sulfide as shown in Tables XXII and XXVI. 
The corresponding plots of Tobat vs. concentration of ethyl methyl sulfide 


are shown in Figures XV and XVI. The second-order rate constants Seecneree 
for the nucleophilic displacement by ethyl methyl sulfide on the primary 
benzylic carbon of XIII and XIV as shown in Equation 9 in Chapter I were 
obtained from the slope of the straight line and were found to be 6.03 

2 ore dg Nene wees for XIII and 27 x We: a na te eee for XIV. 

In acetonitrile, the rate constant for decomposition of p-chlo- 
robenzylethylmethylsulfonium bromide(XIV) was determined by the Volhard 
method. The results are tabulated in Table XXVII. The first three runs 
show that the decomposition of XIV in acetonitrile is comparable to its 


rate constant for loss of optical activity. The average decomposition 


=5 | aes 
rate constant for the first three runs is 4.47 x 10 1 mole" Secey . 


The last three runs listed in Table XXVII were the first experiments 
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TABLE XXVI 


RATE OF LOSS OF OPTICAL ACTIVITY OF p-CHLOROBENZYLETHYLMETHYLSULFONIUM 


BROMIDE IN PRESENCE OF ETHYL METHYL SULFIDE AT 50.00° IN ANHYDROUS METHANOL. 


Run [Salt] [2,6-Lutidine ] [EtSMe ] aoe 10? 
(M) (M) (M) (secv+1) 
Iv-66 0.03282 0.04241 0 1. 32+ 0.04 
IV-23 0.03302 0.04696 0.06945 1 5lt 020% 
TV-24 0.03289 0.04290 0.09439 1.53¢0.08 
Iv-69 0.03285 0.05598 0.194 Leos 0.05 


SS ee a ee Oi inte. De oe ees. 
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TABLE XXVII 


DECOMPOSITION RATE CONSTANTS AND RACEMIZATION RATE CONSTANTS OF p- 


CHLOROBENZYLETHYLMETHYLSULFONIUM BROMIDE IN ACETONITRILE AT 25.00. 


Run Isomer [Salt] [2,6-Lutidine] 107k, 10°% 

(M) (M) (sec.-1) (sec. 1) 
v= 7 PP LOOM eo 0.05613 WPS 0512 
py=22 + 0.01524 C205 13 495+ 0.27 
IV-65 fe 0. Oll5 5) 0.05165 4.67 0.4 (4 O7t 0.19), 36m, 

(4.09 0.16) 47 

III-278 + 0.02288 0.06081 5.42: 0.20 omy 
TET-2028" + 001302," MEF O5516 (3.50 0.13) 366m, 
111-294 #0202996 0.06367 5.50+0.17 


a). Titrimetric rate constant. b). polarimetric rate constant. 
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carried out in this solvent. It is not possible for the decomposition 
of p-chlorobenzylethylmethylsulfonium bromide(XIV) to be faster than its 
loss of optical activity. The results probably reflect large experimental 
errors when first developing the technique for halide analysis. While 
the data are not of high precision, it appears that the decomposition 
and racemization rates are identical for the reaction. 

Tables XXVIII and XIX summarize the racemization rate constants 
for reaction of p-chlorobenzylethylmethylsulfonium perchlorate in 80% 
water-acetone at 50° in the presence of sodium fluoride and sodium 
perchlorate, respectively. The results given in Table XXVIII show that 
the presence of fluoride ions in the solution does not affect the rate 
of racemization of p-chlorobenzylethylmethylsulfonium perchlorate, The 
data in Table XXIX show that increasing the ionic strength by adding an 
inert salt such as sodium perchlorate has a small effect on the rate of 
racemization of p-chlorobenzylethylmethylsulfonium perchlorate. The rate 
constant for bee libs. in the presence of 0.1271 M of sodium perchlorate 
is Ae PMO Le compared to (6.69+0.06)x10"° Eee te in the 
absence of sodium perchlorate. 

The analyses of the products of methanolysis of p-chlorobenzy1- 
ethylmethylsulofnium perchlorate (XII) and p-methylbenzylethylmethylsul- 
fonium perchlorate(XIII) were carried out using gas chromatography, The 
results are tabulated in Table XXX. The calculated mole per cent of 


each product is 98 to 102 per cent of the theoretical value. 
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TABLE XXVIII 


RACEMIZATION RATE CONSTANTS OF p-CHLOROBENZYLETHYLMETHYLSULFONIUM 
PERCHLORATE IN 80% WATER-ACETONE AT 50.00 IN PRESENCE OF SODIUM 


FLUORIDE. 


Run Tsomern “(Sait] “{[Nar] fe,6=lutidine] 10° o& 


(M) (M) (M) (sec.vl) 
Pri 76 =e 0), 02612801 02077 “0.04085 6.46+0.16 
TEAL | Ea OP OL CC 0605156 0.05452 5.92+0.20 
GST We: SP ON02626:". 0.102 0.0744 6.4620.44 
ina ee! ah 0.02507. 0.120) OMei222 6.6440.08 


eee 


a). Polarimetric rate constant. 


TABLE XXIX 


RACEMIZATION RATE CONSTANTS OF p-CHLOROBENZYLETHYLMETHYLSULFONIUM 


PERCHLORATE IN 80% WATER-ACETONE AT 50.00° IN PRESENCE OF SODIUM 


PERCHLORATE. 

Run Isomer [Salt] [Nacloy ] [2,6-Lutidine ] 10®ko2 
(M) (M) (M) (sec.-1) 

TEt-10) = Ow02679 0.02893) 0.05794 6.66+0.50 

il 179 = 0.02735 0.05105 0.05389 6.34+40.15 

111-180 Me 0.02716 0.1040 0.05439 6.6340.19 

PlLi-loe = Omo267¢6.. 0.1271 0.05279 5. for0. 36 


i OO 


a). Polarimetric rate constant. 
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TABLE XXXI 


SOLVOLYSIS OF p-CHLOROBENZYL BROMIDE IN ANHYDROUS METHANOL AT 50.00° 
(USING THE VOLHARD METHOD FOR DETERMINING BROMIDE ION CONCENTRATION) IN 
THE PRESENCE OF ETHYL METHYL SULFIDE(0.0768 M) AND 2,6-LUTIDINE(0.04470 M). 


RUN IV-15. 


mitquot: 4,93 ml. Titrant: AgNO 0.05195 Ms ) KSCN 0.030200" 


3? 
Indicator: Ferric alum Pheoreticaigstiters (3.15 mh. or AgNO... 
Time AgNO, KSCN KSCN calcd. in Net AgNo., log (V,-V_) kx 10° 
(mi. (m1) terms of AgNo., (ml.) (Gene 
(ml. ) 
0 5 Tele i Gy) 0.48 0.4265 
600 5 728 4,53 0.47 0.4298 
1200 5 7aa2 LEST 0.69 0.3909 0.683 
2100 5 6.92 4,02 0.98 0.3365 0.987 
3000 5 6.56 oun 1.19 0.2923 1.03 
5280 5 5.84 3.40 1.60 0.1903 103 
7680 5 Cyl 3.01 1.99 0.0645 1.09 
10080 5 4.76 ae 2723 1.9638 1.06 
13320 5 4,23 2.46 235% eos 1,11 
17280 5 2692 2,28 2.72 26335 1,06 
24360 5 ahr 2.02 2.98 1.2304 1.38 
29280 5 3.40 1.98 3.02 Shenk. 1.03 
87300 5 Bgu1e 1.85 Bolsa 


I SUNENISG 1.06+0.05 
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a). V. = 93% of the theoretical infinity titer. b). the first rate 


Brae ete 6e3xl0s sec.) was discarded in calculating the average rate 


constant, 
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DISCUSSION 


Comparison of racemization and solvolysis rates 


It was shown in Chapter I that two mechanisms which can account 
for the racemization of Ores wee aie are: 

i). A heterolytic carbon-sulfur cleavage to form an ion-neutral molecule 
pair which can either return to sulfonium salt or react with solvent 
to yield substitution and/or elimination products. 

ii). A pyramidal inversion about the sulfur atom analogous to the 
inversion of the ammonia molecule. 

By studying the substituent effect, one can distinguish 
between the two mechanisms. In methanol at 50°, the relative rate 
constants of racemization of p-nitrobenzylethylmethylsulfonium perchlorate 
(VI) (32), p-methoxy-m-nitrobenzylethylmethylsulfonium perchlorate (VII) 
(32) and m-nitrobenzylethylmethylsulfonium perchlorate(IX) compared to 
benzylethylmethylsulfonium perchlorate(V) are 0.98 : 1.05 : 0.99 : l. 

The second mechanism was suggested to explain the results obtained. 

In methanol at 50°, the relative rate constants of racemiza- 
tion of p-chlorobenzylethylmethylsulfonium perchlorate(XII) and p- 
methylbenzylethylmethylsulfonium perchlorate(XIII) compared to benzyl- 
ethylmethylsulfonium perchlorate(V) are 0.95 : 0.99 : L(Table "xxx 14 
Compounds XII and XIII racemize with rates comparable to V. Since V 
was found to racemize by the pyramidal inversion about the sulfur atom, 
it follows that XII and XIII also racemize by the same mechanism. 

Nucleophilic displacement of ethyl methyl sulfide produced 
in solvolysis on the primary benzylic carbon as shown in Equation 9 


and Table XVI(Chapter I), accounts for only a small amount of 
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28.3. 
racemization of p-methylbenzylethylmethylsulfonium perchlorate (XIII). 


Using the value of k the titrimetric and polarimetric rate 


exchange’ 
constants, the following conclusions can be reached. After 50% loss 
of optical activity, 4.4% of XIII has undergone solvolysis, of the 
unsolvolyzed salt, 47.7% must be racemic. Only (Ca, (0.57% Of the 


unsolvolyzed salt could have been racemized by the scheme shown in 


Equation 9. 


An alternative pathway for racemization 

The kinetic results obtained from studies of the solvolysis 
and racemization of p-chlorobenzylethylmethylsulfonium perchlorate (XII) 
and p-methylbenzylethylmethylsulfonium perchlorate(XIII) clearly indicate 
that racemization takes place without cleavage of any of the carbon- 
sulfur bonds. The major pathway for racemization of XII and XIII was 
suggested to be the pyramidal inversion mechanism in analogy to the well- 
known inversion of ammonia and amines. However, an alternative pathway 
for racemization of sulfonium salts involving pseudorotation must be 
considered. This alternative mechanism will be discussed in detail in 
the following section. 

Pseudorotation(39) of compounds in which the central atom is 
pentacovalently bonded is defined as the intramolecular process where a 
trigonal bipyramidal molecule is transformed by deforming bond angles in 
such a way that it appears to have been rotated by 90° about one of the 


interatomic bonds. Thus, as shown in Equation 17, the substituent that 


is toward the viewer remains fixed, while the vertical(apical)substituents 


are pushed backward and the horizontal (equatorial)substituents are pulled 


forward so as to produce a tetragonal pyramid where the fixed substituent 
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Seve 
is at the apex. A continuation of the process leads to the second 
trigonal bipyramid, which appears to have been produced by rotating the 
first about the bond from the fixed substituent (the “pivot’) to the 


central atom. 


4 eee 


Tetravalent sulfur species may be considered to be approxi- 
mately trigonal bipyramidal in geometry with the electron pair on sulfur 
occupying one of the equatorial positions. A minimum of five pseudo- 
rotations of an optically active tetracovalent sulfur species are 
required ‘€o convertcit to vits mirror image, It ‘is conceivable «that 
racemization of sulfonium salts without breaking any C-S bond could 
occur by addition of a nucleophile to the central sulfur atom to form 
a tetravalent sulfur species. After the appropriate pseudorotations and 
loss of the nucleophile, the mirror image of the original sulfonium 
salt would be formed. If this alternative process were to account for 
the racemization of sulfonium salts, then the presence of nucleophiles 
which could add to the sulfur should greatly accelerate the process, 
Therefore, optically active p-chlorobenzylethylmethylsulfonium bromide 
was synthesized and the kinetics of its racemization and solvolysis 
were studied. Attempts to isolate p-chlorobenzylethylmethylsulfonium 
fluoride failed. 

Compounds containing quadrivalent sulfur atoms are not unknown 


in the literature of organosulfur chemistry (40-43). Some examples of 


known compounds include SF), and alkyl- and arylsulfur trichlorides and 
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trifluorides. Tetravalent sulfur intermediates have also been proposed 
in the chlorinolysis of both thioethers and arenesulfenyl chlorides 
(44-45). 
| As shown in Tables XXI and XXIII, p-chlorobenzylethylmethyl- 
sulfonium bromide losses optical activity about twice as fast as P= 
pier oben? fethylmerhy<atton tun perchlorate in solvent methanol at 
50.00°. To compare the racemization of the bromide and perchlorate 
Salts, the polarimetric rate constants must be corrected for solvolysis 
of the sulfonium salts. In methanol at 50.00°, the rate constant for 
the solvolysis of p-chlorobenzylethylmethylsulfonium bromide(XIV) and 
p-chlorobenzylethylmethylsulfonium perchlorate(XII) are (2.91+0.08)x10°° 
Poni (alte XXIII, Run III-170) and CABO 1A) S10 Fe Seba XXI, 
Run II-279), respectively. Compound XIV solvolyzes about 20 times 
faster than XII. Using these values, the apparent rate constants for 


| = Omniod! =6 
racemization ae Ote KET cand pubV are 6.45 00) sec. and 10,2x10 


sec. , respectively. The apparent rate constant for racemization of 
MiVi is 602 larecer that for X11, .This;result indicates that there is not 
a large difference in racemization rates for the two salts. The nucleo- 


philic bromide ion does not have a profound influence on the racemization 


process, 


The estimate of the relative rates of racemization is subject 
LO Lurther correction. The rate constant kK, for p-chlorobenzylethylmethyl- 


sulfonium bromide XIV, does not measure the rate of decomposition of the 


optically acitve salt. The solvolysis of XIV involves the sequence of 


reaction shown in Equation 16. The rate constant k measures the rate of 


formation of solvolysis products, p-chlorobenzyl methyl ether, ethyl 
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sulfide and hydrobromic acid. It was shown that during the course of the 
reaction, a finite amount of p-chlorobenzyl bromide is formed. There- 
Fore, the rate constants, A, and k, (Et SMe) are not very much larger 
than age 
As far as we are aware, an exact mathematical solution for the 
evaluation of eee for a reaction of this type has never been obtained.If 
the steady state approximation could be applied to this reaction, then 
an exact solution would be obtained, The application of the steady 
State approximation would require taking the rate of change of concentra- 
tion of p-chlorobenzyl bromide with changes in time, dtc Nou, Br]/det, 
wane, edual to zero. ’ This is not a valid assumption in our case. Let 
was shown fee during the course of solvolysis of p-chlorobenzylethylmethyl- 
sulfonium bromide, a small but finite amount of p-chlorobenzyl bromide 
is formed. The maximum amount of this present in the solution corres- 
ponds to ca. 154 of the initial concentration of the sulfonium bromide. 
For Equation 16, the kinetic expression shown by Equation 18 
which gives the rate of change of concentration of the p-chlorobenzyl 
bromide with changes in time can be written. 


d(Cl“ cu. Br] 


==/——— = = < - - - | Et SM Gi Gisl. re 
dt abe, Lt Br] + Kaec, Lat Br] Sol ell {* y ] 


- k, {ci eu, Br] 
T\- : : 
= kyo, [Salt] - k, [Etsme] [c1€ You, Br] - k (c1@ You, Br] 


where d-Br represents the optically active sulfonium bromide and dl-Br 


Eq. ts 


represents the racemic sulfonium bromide. 
Prom the Gata in table XXIV, <a plot of the concentration ot 


p-chlorobenzyl bromide vs. time can be made. Such a plot is shown in 


Figure XVIII. atc1€ You, Br] /at is the slope of the tangent to this 
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curve at any point. For the specific case of the point corresponding to 

maximum on the curve, the slope atc’ \cu, Br] /dt is by definition equal 

Ee zero. Hence, is ke fk, (nesve} (c1¥Jeu,Be] + k lca HBr W [sale]. 
From a visual inspection of the data, two limiting curves 

as shown in Figure XVIII can be drawn, each of which would give rise 

to a different point as the maximum. With the data from these curves, 

rate constant k which were of similar values were obtained. From 


dec. 


Curven Ty) uk =5.05 x han ece hed and from, curve, lige k 254501 x0 10° 
dec. dec. 


6 


= 
sec. . These numbers vary by only 10% from one another and set reason- 


able limits on the value of Kaec - To check these two values, tangents 


to the curve at other points were drawn. The slope of the tangents gave 


the values of d[p-C1OCH, Br ]/dt and the values of k en were obtained 


using Equation 18 where Kaec -{ajc1.QYou, Bri /at + k, [BtsMe] (c1{_\cu,Br] 


+ x, tor on, Br) | JedSadeale 


Using curve I, tangents at points O and A were drawn and the 


= = 20 = 
values of Pye obtained were 6.10x10 os : ands) ..05% Opisec.ue), 


respectively. Using curve II, tangents at points B and C were drawn, 


-6 0 
the respective values of As Oi obtained were 6,03x10 sec. and 5.08 


lite acibe. The average of the rate constants, igo. , obtained 


from curve I was panor Wwe ian whereas from curve II, an average 


of Set sp ee ee for Ky ie was obtained. The two sets of rate constants 
ec. 


gave values which are very close to each other. It is clear from these 


=O 7 , 
calculations that a value close to 5.6x10 sec. is a good estimation 


of ka and will not be significantly altered using a best fit curve 
ec, 


ofs the datas 


The racemization rate constants, ke kA - i 2 of™p-chiLo- 
-5 -6 
robenzylethylmethylsulfonium bromide are (Gh BledOis oy SoiSs GOxl0r} 


e -6 -6 -1 P 
ir adaene ands Cl. 3110 2 =. (5,56K10" )* = 77 6x20 % sec. using the 
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two values of k The i i =k - 
aeane nversion rate constants, ky K noes 


es. 
Brera. 1D xX Come Eee and sad 1% tone Bec ree peee aly. These 
numbers may both be represented as 3.8 x tose Se within the 
experimental errors. 

Under the same conditions, the rate constant for inversion ki 
Was tound to’ be (3.23°+°0.05) x BOT? coe Ge for p-chlorobenzylethylmethyl- 


sulfonium perchlorate(XII). The relative rates of racemization of p-chlo- 


robenzylethylmethylsulfonium bromide compared to the corresponding 


V aie 


perehtorate salt are 1.18 ; 1 using Bey equal to 37S) x oa’ Sec. a. 
The results show that changing the anion from a non-nucleophilic perchlo- 
rate to a nucleophilic bromide did not markedly influence the rate of 
racemization. In fact, considering the inherent errors in the calculation, 
the rate constant of inversion,k,, for the sulfonium bromide may be the 
Same as for the corresponding perchlorate salt. 

It should be noted that p-chlorobenzylethylmethylsulfonium 
bromide can also undergo racemization by a process involving nucleophilic 
displacement by ethyl methyl sulfide produced in the solvolysis on the 
primary benzylic carbon as shown in Equation 9 in Chapter I, The second- 


order rate constant k for nucleophilic displacement by ethyl 


exchange’ 
methyl sulfide on the primary benzylic carbon of XIV was obtained from 
the slope of the straight line shown in Figure XV. This figure was 
obtained by plotting the data shown in Table XXVI. Using Crna Kk 
and ke the following conclusion was derived. After 50% loss of optical 
activity, 21.1% of XIV has undergone solvolysis, of the unsolvolyzed 
salt, 36.6% must be racemic. Only ca. 0.3% of the unsolvolyzed salt 


could have been racemized by the scheme shown in Equation 9, Therefore, 


a negligible amount of racemization of p-chlorobenzylethylmethylsulfonium 
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bromide(XIV) is caused by this process and it has not been accounted for 
in calculating the polarimetric rate constants. 

The predominant pathway for racemization of p-chlorobenzylethyl- 
methylsulfonium bromide and perchlorate must be the same. While 
it is not possible to unequivocally rule out a small amount of racemiza- 
tion via an addition, pseudorotation, elimination process in the case 
of the sulfonium bromide, we have not found any evidence that such a 
process is a major pathway for the racemization of sulfonium salts. The 
major pathway for racemization of these sulfonium salts must involve 


pyramidal inversion. 


Solvent Effect 

For the solvolysis of p-chlorobenzylethylmethylsulfonium 
perchlorate(XII), increasing the ionic strength by adding inert salt 
has a very small effect on the rate constants for racemization. 
Table XXIX Hike that in the presence of 0.1271 M of sodium Bee 
the rate constant for racemization of XII is (CORCUVETARAIIP cee 
compared to (6.69+0.06) x lO pecconin in the absence of sodium perchlorate. 
In non-hydroxylic solvents like methylene chloride, acetonitrile and 
acetone, the production of acid is so slow that the solvolysis rates 


could not be determined by titration with standard sodium methoxide 


solution. 
2 
Table XXI shows that in acetone, e =20.7, the rate of loss of 
p-chlorobenzylethylmethylsulfonium perchlorate 


Ze 
(XII) is very similar to the rate in anhydrous methanol, e€ =32,.63, 


Opticals activity. LOT 


F 20 : eek 
Racemization rates in methylene chloride, « =9.08 and in acetonitrile 
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Zo 
€ =36.2, are faster than the rates in anhydrous methanol, Relative 


rate constants of loss of optical activity for p-chlorobenzylethylmethyl- 
subronium perchlorate(Xil) are 1:36 ¢°1.30 : 21,00 21.00 in methylene 
chloride, acetonitrile, acetone and methanol, respectively. The small 
increase in the racemization rates in less polar solvents like methylene 
chloride and acetonitrile shows that the effect of dielectric constant 


of the solvent on the racemization rate is very small, 


Temperature Effect 


The activation parameters for the solvolysis, racemization 
and loss of optical activity of compounds XII, XIII and XIV are 
tabulated in Table XXXIII E> AH", AS* were calculated using Equations 12, 
13 and 14 presented in Chapter I, For the solvolysis reactions of 
p-chlorobenzylethylmethylsulfonium perchlorate(XII), p-methylbenzyl- 
ethylmethylsulfonium perchlorate(XIIT) and p-chlorobenzylethylmethyl- 
sulfonium bromide(XIV) negative entropies of activation were obtained and 
the values are similar to the value for the solvolysis of m-nitrobenzyl- 
ethylmethylsulfonium perchlorate. Again, structure D'(see page 52) 
would best described the transition state of solvolysis of compounds 


XII, XIII and XIV. The decrease in the degree of freedom in the 


transition state ccmoared to the ground state can account for the observed 


negative entropies. 
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TABLE XXXIITI 


ACTIVATION PARAMETERS FOR THE SOLVOLYSIS AND RACEMIZATION OF p-METHYL- 


p-CHLOROBENZYLETHYLMETHYLSULFONIUM PERCHLORATE AND p-CHLOROBENZYLETHYL- 


METHYLSULFONIUM EHDA Bar As X7) AT 25.00°. 


CH 
5 


R X” Reaction Solvent EB,  AH* AS* 

p-CH, C10, solvolysis methanol 25.940.1 24.840.1 -10+4 
loss .of ,optical 
activity methanol 30.00+0.4 29.440.4 941 
racemization methanol 30.13+0.6 29.54+0.6 942 
hosssoLfnopiical. 23'.8240.8 26.240.0) .622 
activity acetonitrile 

p-Cl C10), solvolysis methanol 26.9+1.0 26.34+1.0 -9+3 
LOSS Oi OpL2 cal: 
activity methanol 29.420.2 28.940.2 721 
racemization methanol 29.54+0.2 29 + 0.2 T74+1 
Koss)of optical 20 SLUG eo. G RO sie Ord: 
activity acetonitrile 

p-Cl Br solvolysis methanol 23.6+0.4 23.1+0.4 -13+1 


ig 90 ; warts sto a oe a aan ee i 


eal SALTY eral te Hit na ai 2 ( 


fae a ah lh RRS YG ater ammeter Anns edi 
t KG i 


ms Es eee ee eee eee ieee etgtirgutininie eee RL : 


eon eA cut | aap 


Pe es ee a ee aya EST) ee aN 


KO Ce Se Oe So Fi Oeny S Aoeienarem 


feO BIDE OS .. 0400, OF. Daerah mat 


ayo Alege aS Bowel, Of Tome | 


> 


S49) 8,049, Be 8458. 6 


46 4 


Bees 
ik 


riO= SKE SR" ‘0% Bbe 5 iam 


£47 Soda. 88" s el. ie ‘toner 
Ly ‘SD a RS Beat 8 ania 


th Gee.8s. 


afi didecee 


=935: 


Effect of the presence of fluoride ions in the solvolysis of p-chloro- 


benzylethylmethylsulfonium perchlorate 

Racemization rate constants of p-chlorobenzylethylmethyl- 
sulfonium perchlorate in 80% water-acetone at 50.00° in presence of 
sodium fluoride were measured and summarized in Table XXVIII. The 
rate constants observed for loss of optical activity, obeu remained 
essentially the same with change in concentration of sodium fluoride. 
Since the presence of the fluoride ions does not affect the rate of 
racemization Af ceustursies zaquacpat Pa teatiiateg PAW BE BHT perchlorate, the 
suggestion that racemization by way of the formation of a tetracovalent 
intermediate which may undergo pseudorotation may be discarded in this 
case as well as for the reaction in the presence of bromide ion. The 
racemization of p-chlorobenzylethylmethylsulfonium salts are not 


affected by the nature or nucleophilicity of the associated anion. 


Racemization is predominantly by the inversion mechanism, 
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CHAPTER LIT 
NMR STUDIES ON SOME SULFONIUM AND AMMONIUM COMPOUNDS 


Two recent papers have suggested the intermediacy of tetra- 
covalent sulfur species based on nmr studies. 

Helmkamp, Owsley and Rettig(33) aeeaied ae reaction of 
cyclooctene-S-methylepisulfonium 2,4,6-trinitrobenzenesul fonate (XV) 
with a variety of nucleophilic reagents. The reaction of XV with chloride 
ion in the presence of cyclohexene gave a quantitative yield of cyclooctene 
and 1-chloro-2(methylthio)cyclohexene. When equivalent amounts of 0.25 M 
solutions of XV and tetraphenylarsonium chloride in deuterated nitromethane 
were mixed at room temperature in an nmr tube, the 60-MHz nmr spectrum 
which was immediately recorded at eee? showed two clearly defined singlets 
at 122 and 128 Hz downfield from TMS. The upfield singlet was the stronger 
in intensity immediately after mixing. Seven minutes after mixing, the 
intensities of the two signals were approximately equal. After 15 minutes, 
the signal at 122 Hz had disappeared and the resulting spectrum was super- 
imposable on that of 1-chloro-2(methylthio)cyclooctane(XVI). During the 
reaction period, signals at 158 Hz corresponding to the methyl group of 
XV and at 171 Hz for methanesulfenyl chloride could not be detected. 
Furthermore, no signal could be detected in the olefinic region’ of the 
spectrum, a fact which indicates the absence of cyclooctene. When the 
the signal at 122 Hz remained for at least 30 


O 
solution was kept at -5 , 


minutes. However, the signal disappeared when more chloride ion was 


added to the solution at -5° or when the solution was warmed to room 


temperature. The signal at 122 Hz was attributed to the presence of the 
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intermediate, 9-chloro-9-methyl-9-thiabicyclo(6. 1. O)nonane, XVII. 


XV XVI XVII 
C. R. Johnson and Juan J. Rigau(34) studied the t-butyl 
hypochlorite oxidation of sulfides to sulfoxides. In the oxidation of 
methyl phenyl sulfide with t-butyl hypochlorite, a product was obtained 
whose nmr spectrum differs with the spectrum of methyphenyl-t-—butoxy- 
sulfonium fluoroborate, XVIII. They proposed structure XIX, a tetra- 


valent sulfur species, rather than XX, an ionic species, for the product. 


9 


The nur data) are summarized! in Table XXXIV. 


hee ee Lee be Q-t-C, Hy 
(pHs CH, C HaOH CoHeSCH, 
BEA Gal 
XVIIL XIX XX 
TABLE XXXIV 


NMR SPECTRA OF SOME ALKOXYSULFONIUM SALTS IN cb,Cl,. 


Temp. p—————. 6 values, ppm ———————___, 
Sor uae Se Aryl S-Methyl Alkoxy 
eae 3.43 mei? 
At: e e 
C,H. SCH; BF, 37 7.85(m) 
O-t-C Hy 
eo AG 8.05(2H, m) 3.42 Rey 
f Jae (ous oo 
0-t-C,H 
coHgcu, * ? ip 8.25(2H, m) 3.78 1.49 
O41 > 7.70(3H, _m) 
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The 6 values of the S-methyl groups of methylphenyl-t-butoxy- 
sulfonium fluoroborate(XVIII) and the proposed intermediate(XIX) differ 
by 0.36 ppm. Johnson et al. (34) suggested that the differences could 
not be entirely accounted for by ion pairing phenomena and hence must 
be due to the formation of stable tetracovalent sulfur Species ne loc, 
rather than the ionic species, XX. However, no experimental justifi- 
cation was given for their assumption that ion pairing phenomena would 
not account for the difference in the chemical shifts. 

eee et al.(33) concluded using simple Huckel calculations 
that there is more electron density on the methyl group of the proposed 
intermediate, 9-chloro-9-methy1l-9-thiabicyclo(6.1.0)nonane(XVII) than 
on the methyl group of cyclooctene-S-methylepisulfonium 2,4,6-trinitro- 
benzenesulfonate(XV). The S-methyl signal of XVII is 36 Hz(0.6 ppm) 
upfield from the S-methyl signal of XV which appears at 158 Hz. In 
contrast, Johnson's data summarized in Table XXXIV show a downfield 
shift of 0.36 ppm of the S-methyl signal of the proposed intermediate 
compared to that of ere renee pee eur ronan fluoroborate(XVIII). 

A naive approach would predict an upfield shift of the signals 
if a tetracovalent sulfur species was formed. This prediction is based 
on the fact that as the charge on the sulfur is changed from a positive 
value to 0, there is an increase in the electron density around the 
sulfur atom. 

W. E. McEwen et al, (46) studied the reactions of tetraaryl- 
stibonium salts with sodium alkoxides. Treatment of tetraphenylstibonium 
bromide with sodium mentee de in solvent methanol gives methoxytetra- 
phenylantimony which was suggested to be in equilibrium with tetraphenyl- 


stibonium methoxide. The equilibria are shown in Equation 19. 
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+- saae wey 
(C,H,),Sb (OMe)' + MeOH ————»> (c Sb'OMe + (MeOH)! 


vaperamer sda OFA e 
Eq. 19 


(C,H ), Sb(OMe)' + MeOH errey weg O83 SbOMe + (MeOH) ' 


574 54 


Methoxytetraphenylantimony was isolated as a crystalline 
compound and had nmr signals associated with the aromatic protons centered 
at 7.38 ppm and 7.60 ppm. These signals were shifted upfield by 0.57 ppm 
and 0.35 ppm relative to tetraphenylantimony cation(7.95 ppm). McEwen's 
data agree with the naive assumption that the signals will be shifted 
upfield when the charge on the central atom is decreased. However, 
Johnson's data shown in Table XXXIV are contrary to this assumption. 
Although the result obtained for the pentavalent antimony compound may 
not necessary apply to the sulfur compound, it is suggestive that the 
interpretation advanced by Johnson et al. may not be completely valid. 

Previous workers observed ion-pairing phenomena in the reactions 
of sulfonium salts in solvents of dielectric constants lower than 25. 
Swain and Kaiser(47) have suggested the participation of ion pairs in 
the rate determining step in the solvolysis of dimethyl-t-butylsulfonium 
halides in solvents of low dielectric constant. However, in solvents 
of dielectric constant 2 25, ion-pairing phenomena become less important, 
Conductimetric measurements on the sulfonium salts in 90% acetone-water 


mixture(c=25) was carried out by Swain and Kaiser(51) in order to check 


the possibility of such ion-pairing. They concluded that the agreement 


between the measured equivalent conductances and those calculated by 


Onsager equation for strong electrolytes were sufficiently close to 


preclude the presence of a significant degree of ion-pairing. Jacobsen 


and Hyne(21) have repeated the conductance study for trimethylsulfonium 
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iodide in various ethanol-water mixtures using the modified Fuoss method 
of analysis to determine the degree of ion pairing involved. They 
concluded that below a dielectric constant of 30, ion pairing was 
sufficiently significant to be observable as a kinetic effect if the 

ion pairs participate in a rate-determining step. 

Smith et al.(48) studied the nmr spectra of tetra—n—butyl— 
ammonium chloride, bromide, iodide, perchlorate and picrate in nitro- 
benzene over the salt concentration range, 0.005-0.25 M. The position 
of the resonance of the a-methylene protons of the cation was found to 
be sensitive to the concentration and the nature of the anion. They 
interpreted the data in terms of ion association and estimated the ion 
pair dissociation constants for the halide salts from their nmr data, 
Hence, with these salts, ion pairs formation can cause shifts in the 
position of the various groups. In solvent nitrobenzene, the positions 
of resonance, of, the a-methylene absorption are different for tetra—-n— 
butylammonium bromide and tetra-n-butylammonium perchlorate, Tetra- 
n-butylammonium bromide with a concentration of 0.23 M has its a-methylene 
absorption at 220.5 cps(t6.32) compared with 210.6 cps(t6.49) of that of 
a 0.168 M solution of tetra-n-butylammonium perchlorate, The difference 
in the chemical shifts between the two salts is 0.17 ppm. This chemical 
shift difference must be associated with ion pairing phenomena and cannot 
be associated with the formation of neutral addition product since nitrogen 
cannot expand its octet and become pentavalent. 

In this chapter, the nmr spectra of several sulfonium and 


ammonium salts in a variety of solvents are presented. The effect of 


changes of temperature, changes of the anion and concentrations of the 


solution on these nmr spectra are discussed. 
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Our results will be discussed in the light of the suggestion 
that tetracovalent sulfur species formed from sulfonium salts may be 
relatively stable as well as in terms of ion pairing phenomena influen- 


cing the nmr spectra of the salts. 


RESULTS AND DISCUSSION 


Effect of changes of anion in nmr spectra of sulfonium salts 
Tables XXXV and XXXVI present the nmr data for p-chlorobenzyl— 


ethylmethylsulfonium perchlorate and bromide, respectively, in various 
solvents at the temperature of the probe. In Table XXXVII, a comparison 
is made between the nmr data for Hiei Seghenzylethelnaee tant tae 

Rerent orate and p-chlorobenzylethylmethylsulfonium bromide, Table XXXVIII 
shows the differences between the different groups of protons in 3,5- 
dimethyl-4-methoxybenzylethylmethylsulfonium perchlorate and bromide. 

In Table XXXIX, the nmr data for p~chlorobenzylethylmethylsul- 
fonium perchlorate, fluoroborate and bromide salts are presented. The 
first two salts show no significant differences in their nmr spectra. 
However, their nmr spectra are different from that of the sulfonium 


bromide, 


In cD,Cl.; the 6 values for the S-CH., protons, in the p-chloro- 
benzylethylmethylsulfonium perchlorate differs by 0.38 ppm from that of 

the S-CH., protons in p-chlorobenzylethylmethylsulfonium bromide. For the 
methylene protons of the ethyl groups, the difference is 0.44 ppm. The 
greatest difference occurs in the methylene protons of the benzyl groups, 


a difference of 0.83 ppm. The midpoint of the multiplet corresponding 


to the aromatic protons of the bromide salt appears at 12.41 while the 
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Singlet for the aromatic protons of the perchlorate salt is at Te 545 
the difference is 0.13 ppm. The smallest difference is observed in the 
methyl protons of the ethyl groups attached to the er ieure they differ 
by 0.06 ppm. 

In CDNO, the same trend is observed, but the difference in 
chemical shifts are smaller: ArCH, (0.58) > S-CH,-C(0.31) > S-CH, (0.23)> 
aromatic protons(0.11) > S—CH, (0.01). The numbers in the parentheses 
are the differences in ppm between the perchlorate and bromide salts. The 
Signals for the bromide ae appear at lower field. Hereafter, all 
differences in ppm will be represented by numbers in parentheses. The 
dielectric constant of nitromethane is 35.9 at 30° compared to 9.08 at 
20° for methylene chloride. It is clear that increasing the dielectric 
constants which should increase the dissociation constants reduces the 
chemical shift differences. 

In CD,CN, the same trend of differences between the nmr spectra 
of ae perchlorate and bromide salts is again observed: Ar CH, (0.57) > 
S-CH,-C(0. 32) > S-CH, (0.27) > aromatic protons (0.23) > S-CH, (0.01). 

The chemical shifts differences between the signals for the perchlorate 
and as bromide salts have almost the same values as in CD..NO, - In 
agreement with this observation, the dielectric constant of acetonitrile 
is 36.2 at 25° compared to 35.9 at 30° for nitromethane. 


In 90% CD.COCD.-D.0, the differences between the nmr spectra 


3 Se? 
of the perchlorate and the bromide salt are as follows :ArCH, (0.31) => 


i mm a ° e ip 
S-CH, (0.28)>> S-CH,-C(0.2) > aromatic protons (0.08) Ss fe CH, (0 02) n 
this solvent, the difference is greater between the S-CH, protons than 


between the S-CH,-C protons. 


Z 


As the dielectric constant of the solvent becomes much larger, 
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the differences of the chemical shifts of the signals corresponding to the 
perchlorate and the bromide salts become very small. This can be seen in 
the runs in DMSO-d >: ITI-252-Nmr-517 and II-260-A-Nmr-422 in Table XXXVII, 
where the largest chemical shift difference is less than 0.1 ppm. 

The chemical shifts of the different groups of protons in 
3,5-dimethyl-4-methoxybenzylethylmethylsulfonium perchlorate also differ 
from the 3,5-dimethyl-4-methoxybenzylethylmethylsulfonium bromide as 
shown in Table XXXVIII. No significant differences are observed in the 
groups not attached directly to the sulfur atom. The two aromatic methyl 
groups and the methoxy group in both salts show chemical shifts which are 
the same within experimental errors, However, large chemical shifts 
differences are observed in groups attached to the asymmetric center, 
namely: ArCH,-S, S-CH,-C and S-CH.,. 


In. CDCl the greatest difference in chemical shifts between 


3? 
Pee tee thas hones lethy mechs loulcan ian perchlorate and bromide 

is again observed in the methylene protons of the benzyl groups. The 
difference is 0.65 ppm. The methylene protons of the ethyl groups differ 
by 0.42 6 vil The S-CH, groups differ by 0.33 ppm. The midpoint of the 
multiplet peak corresponding to the aromatic protons of the bromide appears 
at 12.67 while the singlet peak for the aromatic protons of the perchlorate 
is at 12.8, the difference is 0.13 ppm. 

In CDCl. ; the differences in chemical shifts between the 
3,5-dimethy1-4-methoxybenzylethylmethylsulfonium perchlorate and bromide 
os. follows: ArCH, (0.62) > S—CH, (0.45) = S-CH,-C(0. 38) > aromatic 
protons(0.10). In contrast to CDC1., the difference between the S-CH., 
groups in this solvent is greater than the difference between the S-CH,-C 
groups, 


In DMSO-d_ , small differences in the chemical shifts can 
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still be observed: ArCH, (0,19) > S-CH, (0.09) > S-CH,-C(0. 08) > aromatic 
protons(0.05). 

Once again, the differences in the chemical shifts was found 
to become greater as ore disléectrichconstant of ‘the solvent decreases, 
this is consistent with a greater degree of association of the ions. 

Whenever there is a difference in the chemical shift, the 
Signal for the protons in bromide salts always occur at a lower field than 
those forthe perchlorate salts. It is clear from these data that the 
BRL Fodiain salts behave in a manner quite analogous to that observed 
by Johnson et al.(34). 

Smith et al.(48) have studied the nmr spectra of various 
tetra-n-butylammonium salts. They interpreted their results in terms of 
ion association and estimated the ion pair dissociation constants for 
the halide salts, 

In the next section, results of studies of various quaternary 


ammonium salts will be discussed. 


the nmr spectra of some quaternary- ammonium 


Effect of changes of anion won 


In Table XL, a summary of the nmr data for a number of tetra- 
n-butylammonium salts in solvent methylene chloride is presented. The 
differences in chemical shifts between the perchlorate and the trinitro- 
benzenesulfonate salts are very small, the largest difference in the 
chemical shifts is less than 0.1 ppm. However, the nmr spectra of these 
two compounds differ from that of the bromide. The following differences 
between the perchlorate and the bromide are observed: C-C-C-CH,-N(0.15) 


> CH 3CH 9CH y-C-N(0.04). The differences are smaller than those for the 


sulfonium salts. Under the same conditions, the chemical shift difference 
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between the S-CH,-C groups in p-chlorobenzylethylmethylsulfonium perchlo- 


rate and bromide is 0.44 ppm which is about three times larger than the 
chemical shift difference between the C-C-C-CH,,-N groups in tetra-n= 
butylammonium perchlorate and bromide. One factor which will tend to 
make the chemical shifts differences between the quaternary ammonium salts 
smaller is that the negative ion is sterically hindered from getting close 
to the four bulky n-butyl groups. It cannot be in equidistant from all of 
them at the same time. The values of the chemical shifts of the different 
Lane of protons of tetra-n-butylammonium bromide are the average values 
resulting from tumbling of the two ions with respect to one another. 
Benzyltrimethylammonium halides also show differences in their 
nmr spectra compared to benzyltrimethylammonium perchlorate. Table XLI 
gives the comparison between the nmr spectra of the benzyltrimethylammonium 
salts in several solvents at the temperature of the probe, The 6 values 
of the benzyl methylene protons of the chloride and the perchlorate salts 
in CD NO differ by 0.29 ppm whereas for the bromide and the perchlorate 


3a) 2 
Saleceing9021G),COCD,-D.0,. theaditterencemis 0.15 {ppm. 


3 Bez 

As with the bromide and perchlorate salts of the sulfonium 
compounds, differences in nmr spectra were found for the halide and 
perchlorate salts of tetra-n-butylammonium and benzyltrimethylammonium 
eee eas In the case of the quaternary ammonium salts, these differences 
cannot be attributed to the formation of the covalent N-X bond, since 
ammonium compounds are not capable of forming pentacovalent intermediates, 
However, the ammonium salts can exist as ion pairs in solution. Since 
a quantitative but not a qualitative difference between the sulfonium 
and ammonium salts was found, ion pairing phenomena cannot be ruled out 


iori i x salts. 
a priori in accounting for the nmr spectra of sulfonium 
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The question of whether sulfonium salts exist as tetracovalent 


species or as ion pairs in solution was further investigated by studying 


the nmr spectra of mixtures of various sulfonium salts. 


Nmr spectra of mixtures of the sulfonium salts 


Mixtures of p-chlorobenzylethylmethylsulfonium perchlorate 
and bromide and of 3,5-dimethyl-4-methoxybenzylethylmethylsulfonium 
perchlorate and bromide were prepared. The nmr data obtained for Bee 
mixtures are presented in Tables XLII and XLIII. 

Each mixture gave only one set of signals corresponding to a 
value intermediate between those of the two components. Each set of 
signal was shifted upfield with respect to the signals for the bromide 
and downfield with respect to the signals for the perchlorate salt. 
These results are consistent with rapid exchange between the ions resulting 
in new resonance signals with the values of the chemical shifts intermediate 
between those of the two components. 

If the sulfonium bromide is best represented by the tetra- 
valent sulfur species, XXI, then the downfield shift of the signals 
for p-chlorobenzylethylmethylsulfonium perchlorate and the upfield shift 
of the signals for p-chlorobenzylethylmethylsulfonium bromide can be 
rationalized only if the tetracovalent intermediate, XXI, undergoes 
exchange with the p-chlorobenzylethylmethylsulfonium perchlorate faster 
than the time average of nuclear relaxation as illustrated in the scheme 
shown in Equation 20. Alternatively, the tetravalent species must 
undergo rapid reversible ionization to yield ionic species which then 


undergo exchange with the sulfonium perchlorate. 
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The nmr studies of mixtures of benzylmethylethoxysulfonium 
fluoroborate and p-chlorobenzylethylmethylsulfonium bromide showed that 
they behave in the same manner as the mixture of p-chlorobenzylethylmethyl- 
sulfonium perchlorate and bromide, 

Table XLIV summarizes the nmr data of mixtures of benzylmethyl- 
ethoxysulfonium fluoroborate and p-chlorobenzylethylmethylsulfonium 
bromide in cb,Ccl, at Oat For this mixture, the chemical shifts of 
the different groups of protons ee reecpondiae to thée=p-chherobenzylethyl— 
methylsulfonium salts were compared with Run IV-81-A in Table XXXIX which 
gives the nmr spectrum of pure p-chlorobenzylethylmethylsulfonium bromide 
in the same solvent and at the same temperature, The nmr spectra of the 
mixtures had signals corresponding to the methylene groups and SCH. 
group of the sulfonium salt which were shifted upfield relative to the 
nmr spectra of the pure p-chlorobenzylethylmethylsulfonium bromide, 

The amount of upfield shift is inversely proportional to the mole per 
cent of the p-chlorobenzylethylmethylsulfonium bromide in the various 
mixtures. The mole per cent of sulfonium bromide in the mixtures 
recorded in Table XLIV are as follows: IV-82-A(36%) < IV-85-A(50%) < 
IV-82-B(66%). The signals for the era ene protons of the benzyl group 
in p-chlorobenzylethylmethylsulfonium bromide in the mixture is shifted 
upfield as follows: IV-82-A(0.67) > IV-85-A(0.52) > IV-82-B(0.45). The 
signals for the S-CH, protons in the mixture is also shifted as follows: 


IV-82-A(0.37) > IV-85-A(0.26) > IV-82-B(0.17). The numbers in parentheses 
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are the upfield shifts in ppm. 

For benzylmethylethoxysulfonium salts in the mixtures, the 
different groups of protons are shifted downfield as compared to Run IV- 
80-B(Table XLV) which gives the nmr data for benzylmethylethoxysulfonium 
fluoroborate in the same solvent at the same temperature. The amount of 
the downfield shift is inversely proportional to the mole per cent of 
benzylmethylethoxysulfonium fluoroborate in the different mixtures. The 
mole per cent of benzylmethylethoxysulfonium fluoroborate are as follows: 
IV-82-B(34Z) < IV-85-A(50%) < IV-82-A(64%). The signal for the S-CH, 
protons is shifted downfield as follows: IV-82-B(0.37) > IV-85-A(0.29) 
> IV-82-A(0.25). The doublets corresponding to the methylene protons 
of the benzyl groups are shifted downfield in a similar manner: IV-82-B 
COt Ie, 0.73) > IV-85-A(0.10, 0.58) > IV-82-A(0.10, 0.44). 

The validity of the scheme represented by Equation 20 was 
investigated by studying the nmr spectra of mixtures of cid pene) 
ammonium and sulfonium salts. Since the quaternary ammonium salts 
can not form pentacovalent intermediates, studying the nmr spectra of 
a mixture of sulfonium bromide and quaternary ammonium perchlorate will 
indicate whether Equation 20 holds or not. If the sulfonium bromide 
forms a stable tetracovalent sulfur species which gives exchange only by 
the type of process shown in Equation 20, then no exchange should be 
observed when the sulfonium bromide and quaternary ammonium perchlorate 
are mixed. Exchange could occur on mixing sulfonium perchlorate and 
quaternary ammonium bromide. 


Table XLV shows a comparison of the nmr spectra for mixtures 


of p-chlorobenzylethylmethylsulfonium salts and tetra-n-butylammonium 
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=117= 
salts. Runs IV-86-B and IV-88-A contain mixtures of p-chlorobenzylethyl- 


methylsulfonium bromide with tetra-n-butylammonium perchlorate. The 
signals corresponding to the sulfonium salts in the mixture were compared 
with Run IV-81-A in Table XXXIX which gives the nmr spectrum of p-chloro- 
benzylethylmethylsulfonium bromide in cD,Cl, at -40°, Relative to Run 
IV-81-A, the methylene protons of the benzyl groups are shifted upfield 
by 0.23 ppm and 0.26 ppm in Runs IV-86-B and IV-88-A respectively. The 
methylene protons of the ethyl groups were shifted upfield by 0.07 ppm 
and 0.1 ppm, respectively. Run IV-86-A in Table XLV shows the nmr spectra 
of a mixture of p-chlorobenzylethylmethylsulfonium perchlorate and tetra- 
n-butylammonium bromide. The signals for the sulfonium salts in the 
mixture were compared with Run IV-89-A in Table XXXIX which gives the nmr 
spectrum of pure p-chlorobenzylethylmethylsulfonium perchlorate, A down- 
field shift of 0.6lppm(using TMS as standard) or 0.65 ppm(using the solvent 
as standard) for the methylene protons of the benzyl group was observed. 
The signals for the methylene protons of the ethyl group are also shifted 
Peeieia by 0.24 ppm(using TMS as standard) or 0,28 ppm(using the 
solvent as standard). The C-C-C-CH,-N signal for tetra-n-butylammonium 
bromide which overlaps with S-CH, signal for the sulfonium perchlorate 
appears at 16.56-7.16. This is shifted upfield compared to Run IV-34-A-3 
(Table XL) where C-C-C-CH,-N signal appears at 16.35-6.9., 

The 6 values of the chemical shifts of ArCH,~-S and S-CH,—C 
protons clearly show that in the mixture of p-chlorobenzylethylmethyl- 
Seen bromide with tetra-n-butylammonium perchlorate, there is an 


upfield shift of the set of signals relative to pure p-chlorobenzyl- 


ethylmethylsulfonium bromide, This behavior is analogous to what was 


observed for mixtures of sulfonium bromide and perchlorate and for 


mixtures of sulfonium bromide and alkoxysulfonium fluoroborate, The nmr 
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spectra of samples prepared from either p-chlorobenzylethylmethylsulfonium 
bromide and tetra-n-butylammonium perchlorate or from p-chlorobenzyl- 
ethylmethylsulfonium perchlorate and tetra-n-butylammonium bromide are 
identical within the accuracy of the measurements, An identical mixture 
must be produced in the solution regardless of which pair of salts was 
used to prepare the mixture. Exchange by the type of process shown in 
Equation 20 could be observed on mixing sulfonium perchlorate and quater- 
nary ammonium bromide. Such an exchange process can not occur with the 
quaternary ammonium perchlorate and sulfonium bromide. Since identical 
behavior was observed with both mixtures, this rules out the scheme 
where a tetravalent sulfur intermediate is formed and undergoes rapid 
exchange with the perchlorate salt as shown in Equation 20, 

The results are consistent with rapid exchange of ion pairs 
formed in the solution. If a covalent intermediate is present in the 
solution, it must be in rapid reversible equilibrium with the ion 


pairs which can undergo exchange. 


Effect of concentration on the nmr spectra of sulfonium salts 


Table XLVI presents the nmr spectra of various sulfonium 
perchlorates and bromides in a variety of solvents at the temperature 
of the probe. For the perchlorate salts, over a ten-fold change in 
concentration from 0.5 M to 0.05 M in solvents cD,Cl., and CD..CN, the 
nmr spectra show no significant differences as can be seen by comparing 
the first three runs in Table XLVII with Run IV-113-A-1 in Table XXXVIII, 


Run IV-111-A-1 in Table XXXV and Run IV-52-B-1 in Table XXXVI, respectively. 
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For the bromide salts, a ten-fold decrease in concentration in solvent 
CD,CN, shifted the signal corresponding to the methylene protons of the 
benzyl group by 0.21 ppm upfield. The S-CH,-C signal. was shifted 

upfield by 0.16 ppm and the signal for the S-CH, group was shifted upfield 
by 0.09 ppm. The upfield shifts were calculated by comparing Runs IV-52- 
A-1(Table XXXVI) and IV-38-B-3(Table XLVI). The concentrations of. p-chloro- 
benzylethylmethylsulfonium bromide for these two runs were 0.5M and O05M. 
respectively. 

As shown in Runs IV-38-A-2 and IV-38-B-3 in Table XLVI, the 
benzyl Mattytereietour in p-chlorobenzylethylmethylsulfonium bromide has 
its chemical shift 0.43 ppm downfield from the corresponding group in 
the perchlorate salt at 0.05 M concentration, whereas this difference 
is 0.85 ppm at 0.5 M concentration (Runs IV-81-A and IV-89-A in Table 
RXXIX). These data indicate that as the concentration of the saits is 
Peas | the differences between the spectra of the sulfonium bromide 


and perchlorate become smaller. 


Effect of temperature on the nmr spectra of sulfonium salts 


In Table XLVII are reported nmr data of benzylmethylethoxy- 
sulfonium fluoroborate in cD,Cl, at various temperatures. No significant 
differences in the nmr spectra was observed with changes of temperature 
from -80° to -40° to the temperature of the probe which is about 40°, 
Similar behavior was found for p-chlorobenzylethylmethylsulfonium bromide 
and perchlorate as can be seen by comparing the data summarized for Runs 


TV-S1-A and IV-89-A in Table XXXIX with Runs IV-110-A-2 and IV-111-A-1 
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Nmr spectra of trimethylsulfonium salts 


Attempts to investigate the formation of tetracovalent sulfur 
species,xXXII, were made by studying the nmr spectra of trimethylsulfonium 
bromide and perchlorate in a variety of solvents at On ~40° and -80°C. 

If a tetracovalent sulfur species were formed, two signals in the nmr 
spectra corresponding to the apical and equatorial methyl groups should be 
observed by freezing the salt in one conformation and stop pseudorotation, 
This may be achieved by taking the nets spectra at a low enough temperature. 
Only one signal for the three methyl groups, a singlet at 1t/.5 was 
observed at ambient temperature. For only one signal to be observed 

means that either of three situations prevail: (i). Both equatorial and 
apical groups show the same chemical shift. (ii). Pseudorotation is rapid 
and equilibrates the groups.. (iii). The salt is not best described as a 
Stable tetravalent sulfur species. The nmr spectra of the salt in liquid 


SO> -ats.0 Sips and ~80°C showed only one signal for the methyl groups. 
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CONCLUSION 

Quaternary ammonium salts have been shown to exhibit 
specificities in their nmr spectra as the negative ion is changed in a 
manner analogous to the specificities observed with sulfonium salts, 
Since these changes must be associated with ion pair phenomena for the 
quaternary ammonium salts, similar phenomena could account for the 
behavior of sulfonium salts, 

Formation of a tetracovalent sulfur intermediate, XXI, which 
may then undergo rapid exchange with the Does salt as shown in 
Peet ion 20 was ruled out. The basis for ruling out the scheme shown 
in Equation 20 was the analogous behavior exhibited by erate of 
tetra-n-butylammonium perchlorate and p-chlorobenzylethylmethylsulfonium 
bromide compared with mixtures of tetra-n-butylammonium bromide and p- 
chlorobenzylethylmethylsulfonium perchlorate. Analogous behavior was 
also exhibited by mixtures of sulfoniun bromide. and perchlorate as well 
as mixtures of alkoxysulfonium fluoroborate and sulfonium bromide. 

Our results are consistent with the formation of ion pairs 
in solution, which can then undergo rapid exchange. If a tetracovalent 
intermediate were present in Pai tene it must be in rapid reversible 


equilibrium with the ion pairs which can then undergo rapid exchange, 
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EXPER IMENTAL 


All melting points were obtained using a Hershberg type 
melting point apparatus with a set of Anschutz thermometers, All values 
are uncorrected, 

Refractive eee were obtained on a Bausch and Lomb Abbe 
3L Refractometer thermostated at 25°. 

Nuclear magnetic resonance spectra were recorded using 

Varian Analytical Nmr Spectrophotometers, Model A-60 with a probe 
temperature of 33° and A-56-60-A with a probe temperature of 42°. The 
latter model was also used for low temperature runs. A Varian Analytical 
Spectrophotometer Model HA-100 was used for recording nmr spectra of 
solutions of low concentration, 

Infrared spectra were recorded on a Perkin-Elmer Grating 
ered Spectrophotometer Model 421, 

Ultraviolet spectra were recorded on a Perkin-Elmer Ultra- 
violet-Visible Spectrophotometer Model 202 and Cary Recording Spectro- 
photometer Model 14 M, 

Optical rotation measurements were obtained using a peyie 
Elmer Polarimeter, Model 141. Kinetic analyses were carried out 
using incident light having wavelengths of 436 and 365 mi, 

Gas chromatographic analyses were made using a Perkin-Elmer 
Model 154 Vapor Fractometer modified with a high temperature filament 


detector 154-0370, an Aerograph A-90-P3 and a Honeywell Disc Chart 


Integrator Model 201 B. 
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Elemental Analyses were performed by Mrs, D. Mahlow and 


Mrs, A, Dunn, 


Solvents: 


Anhydrous methanol 


Anhydrous methanol was prepared from commercially available 
methyl hydrate by treatment with magnesium methoxide and distilled as 


described by Fieser(52). 


Anhydrous acetone 


Shawinigan reagent grade acetone was allowed to percolate 
through a 60 cm. column packed with Linde type 4A molecular sieves, A 
small amount of molecular sieves was added to the eluent before it was 
distilled through a 70 cm, Vigreux column, The water content of the 
acetone was determined by a Karl Fisher titration using anhydrous 
pyridine as solvent as suggested by Smith, Fainberg and Winstein(53). 
The purified acetone was not stored, but rather a fresh batch was 


prepared each time the solvent was required, 


Methylene chloride 


Methylene chloride was prepared using the procedure described 


by R, Tomilson(54). 


Acetonitrile(55) 


‘Reagent grade acetonitrile(about 2 liters) was distilled 
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from about 10 g, of phosphorous pentoxide, It was then refluxed over 
30.g. of potassium carbonate for 5 hours and then again distilled from 


10 g. of phosphorous pentoxide. Te Dears 


Be Ps /J06 mm, 
Reagents and Materials; 


2,6-Lutidine 

This reagent was kindly supplied by M. A, Armour, It was 
prepared as follows: Eastman practical grade 2,6-lutidine was dried 
over potassium hydroxide for several agee followed by refluxing and 
distillation from barium oxide as described by Fieser for the preparation 
of anhydrous pyridine(56). The center cut was treated with boron 


trifluoride and distilled as described by Brown et al.(57). 


Standard sodium methoxide 

A solution of sodium methoxide in methanol was prepared by 
the addition of a weighed amount of freshly cleaned sodium to one 
gallon of Fisher certified anhydrous methanol. The resulting solution 
was standardized with Fisher certified primary standard potassium 
hydrogen phthalate in water using phenolphthalein as indicator, Restan- 
dardization showed the solution to be stable for at Teast two years when 


it is stored in a tightly stoppered dark bottle, 


Ferric alum indicator 


Ferric alum indicator was prepared by dissolving 10 g, of 
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ferric ammonium sulfate in a boiling solution of 20 ml, of 6N HNO 3 and 


80ml1, of distilled water, 


Standard silver nitrate solution 

Standard sodium chloride solutions were prepared by dissolving 
accurately weighed sodium chloride crystals in the required volumes of 
water, Known aliquots of the sodium chloride solutions were transferred 
to 50 ml, Erlenmayer flasks using a 5 ml. pipette. Silver nitrate 
solutions prepared by dissolving the approximately weighed crystals in 
the required volume of water was then added in excess, The excess 
silver nitrate solution was back titrated with standard potassium 
thiocynate solution prepared as described in the next section. The net 
ml, of silver nitrate solution can then be calculated and the solution 
Standardized by comparing with the known concentrations of the sodium 


chloride solutions, 


Standard potassium thiocynate solution 
ere ee eg ee ee 

Approximately weighed potassium thiocynate crystals were 
dissolved in the required volume of water. This solution was then 


standardized against silver nitrate solution, 


(-)-2R, 3R-Dibenzoyltartaric acid monohydrate 
Racer peer as oe ee 


(-)-2R, 3R-Dibenzoyltartaric acid monohydrate was prepared 
from 200 g,(1.3 moles) of (+)-2R, 3R<tartaric acid as described by 


Butler(58), Yield;335 Gur 2ei, eps 88-89° (reported: 88-89° (58), 
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88-90° (59)],. Joa? -116, 0° [reported; als?; 1G, 058), fal? -115,78 
(59), Ia]i°s ~114,8(60)],. Nmr(CDC1,); t4,07(s, 2H), 12,8-2,4¢a, 68), 
t2,2n1,8G, 4H), t1,17(s, 4H), Ir(CDCL,); 3600-2500, 1738, 1604, 
Meee tel 924g A504 112604 dbus, B80, 72% amd 206 omer 
AMadwe-Caled,. Lor C5 gH 603 Chi oi + 45s shag hehe oe 

oer RBGr ties | 4,82, 
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m-Nitrobenzyl alcohol (61) 

A 500 ml, three-necked flask, equipped with a mechanical 
stirrer, a thermometer and a dropping funnel was placed in an ice bath. 
ASsolution .of-30..2) 560.21 mole)» of m-nitrobenzaldehyde in 200 ml. of 
methanol was poured into the flask and while stirring, a solution of 
4 g. (0.1 mole) of sodium borohydride in 50 ml. of water was added 
dropwise. The temperature of the reaction was kept at 18-25°, When 
about 3/4 of the sodium borohydride solution had been added, there 
was no further tendency for the temperature to rise and the addition 
was stopped, A small portion of the reaction mixture was treated with 
dilute sulfuric acid and hydrogen was evolved as bubbles, 

Most of the methanol was removed by means of rotary evaporator 
and the residue was diluted with 200 ml. of water, The mixture was 
extracted with ether, the ether layer was washed with water and dried 
with anhydrous magnesium sulfate, The ether was removed using a rotary 
evaporator, The residual pale yellow oil was distilled under reduced 
pressure to yield 26 2,.(85%) of m-nitrobenzyl alcohol , DsPre iy 160”. 
Jreported( 61); be Pr 3mm 157180", B+P rq 7mm, 183-185" ]+ Nm (CDC1,); 
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m-Nitrobenzyl bromide 


Hydrogen bromide was bubbled into a solution of 6,2 Soe 
m-nitrobenzyl alcohol in 20 ml, of benzene for 30 minutes, The water 
which. formed was separated from the benzene solution, The benzene 
solution was washed with a small amount of water and the benzene was 
removed using a rotary evaporator. The residue was recrystallized from 
95% ethanol to yield 7 g,(80%) of m-nitrobenzyl bromide, m.p, 54-55° 


(reported(62): 58-59°), Nmr(CDC1,); 15.42(s, 2H), 11.62-2,7(m, 4H). 


m-Nitrobenzyl ethyl sulfide(63) 

A 24,8 g.(0,4 mole) quantity of ethyl mercaptan dissolved in 
50 ml, of methanol was added to an ice cooled sodium methoxide solution 
prepared by dissolving 9.2 g.(0,4 mole) of sodium in 400 cc, of methanol. 
An 80 g.(0.37 mole) quantity of m-nitrobenzyl bromide in 200 ml. of 
methanol was added. The mixture was refluxed on steam bath for 2 hours. 
The methanol was removed using a rotary evaporator. Ether was added and 
the solution was washed once with 10% sodium hydroxide solution and then 
twice with distilled water, The ether layer was dried with magnesium 
sulfate and the ether was removed using a rotary evaporator. The 
residue was distilled at reduced pressure, ise SES to yield 
56 g.(77%) of m-nitrobenzyl ethyl sulfide. Nmr (CC1, ): Toy OCU, ea oope. 


SH) t/ieo8(q. 9 J=icocps, 2H), ~16.24(6,. 32H), Pl Seed OCU, eee 


m-Nitrobenzylethylmethylsulfonium methylsulfate 


To a solution of 25,4 g,(0,13 mole) of m-nitrobenzyl ethyl 
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sulfide in 30 ml, acetonitrile was added excess dimethyl sulfate (18,9 Ses 
0.15 mole), The mixture was allowed to stand at room temperature over- 
night, The salt solidified when ether was added. The solid was filtered 
and recrystallized from a solution of methanol and ether to yieldes2aen 
(762) of m-nitrobenzylethylmethylsulfonium methylsulfate, m,p, 76-78", 
Nar (D,0): 13,90 aya! oCps, 3H), 17.176, SH), 0,100, =) DCS, 


Ce 10,5105, Sige Toye OCS, 2H) tl,o-2 5G, an), 


Racemic m-Nitrobenzylethylmethylsulfonium perchlorate 


A 7 g.(0.022 mole) quantity of m-nitrobenzylethylmethylsulfonium 
methylsulfate dissolved in 150 ml. of anhydrous methanol was passed 
through a column containing Dowex 1-x8(50-100 mesh) anion exchange resin 
in its hydroxide form, The basic eluent was neutralized with dilute 
perchloric acid. The solvent was removed and the residue was recrys- 
tallized twice from methanol and had m.p. Ve a The nmr (DMSO-D ¢) of this 
material showed a signal at 16.65 which could not be attributed to the 
sulfonium salt. This impurity was not eliminated by recrystallizing the 
sulfonium perchlorate from acetone nor by drying in an Aberhalden drying 
apparatus heated by refluxing acetone. However, this impurity was 
eliminated by drying the compound overnight in an Aberhalden drying 
apparatus heated by refluxing ethanol. The compound was dried by putting 
the drying boat away from the direct heat of the refluxing ethanol to 
avoid melting the compound which had m.p, 76° and was obtained in 12% 
yield(0,8 S), sirdnujol)s.. 2920, (2850, .e15355 1400, 2430, ~ 1354, 

810, 700 cm. nmr (CD,COCD,): 18.44(t, J=7.5 cps, 3H), 16,9(s, 3H), 


76,35(q, Jay.5cps, 2H), 14.92(s, 2H), 71,43-2.36(m, 4H). 
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Anal. Calcd. for Cy gly ,SCLO,N : C, 38.53; H, 4.53; C1, 11.37; 
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Optically active m-nitrobenzylethylmethylsulfonium perchlorate 

A 28 g.(0.087 mole) quantity of m-nitrobenzylethylmethylsulfonium 
methylsulfate dissolved in methanol was passed through a column contain- 
ing Dowex 1-x8 (50-100 mesh) anion exchange resin in its hydroxide eoue 
The basic eluent was neutralized with 32.7 g. (0.087 mole) of d(+)- 
dibenzoyltartaric acid. The solvent was removed using a rotary evaporator 
and the solid was recrystallized from methanol four times to yield 19.2 g. 
(38%) of m-nitrobenzylethylmethylsulfonium dibenzoylhydrogentartrate, 
m.p. 165°. The salt was only slightly soluble in methanol, acetone, 
water, chloroform and in all solvents tested. It had a negative 
rotation, but the exact rotation could not be determined because of 
Hts siight Oe tey in all solvents tested, 

The dibenzoylhydrogentartrate salt dissolved in a large quantity 
of methanol ( 4 g. in 3 liters of methanol), was passed through a 
column containing Dowex 1-x8(50-100 mesh) anion exchange resin in its 
rraree de form. The basic eluent was neutralized with dilute perchloric 
acid. The methanol was removed using a rotary evaporator. The residue 
was recrystallized twice from methanol and dried in an Aberhalden drying 


apparatus to yield 1.9 g. (7%) of optically active m-nitrobenzylethyl- 
Has 25 


O _ 
methylsulfonium perchlorate, m.p./8-79 . [o], =13.9), [a] pag73l-7(c 0.05046, 


MeOH). The ir and nmr spectra were superimposable with those of the racemic 
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3,5=Dimethyl-4—hydroxybenzyl alcohol (61) 


To 86,4 g,(0.71 mole) of 2,6-dimethylphenol ie TOON CC OLE oO” 
sodium hydroxide solution was added 46 cc, of 40% formaldehyde solution. 
The mixture was stirred using a magnetic stirrer for 4 days at room 
Lemperature...On acidification with acetic acid, a cel was formed which 
was extracted with ether. The ether was removed using a rotary evaporator. 
The residue was recrystallized from benzene-methanol mixture to yield 41 g. 
(38%) of 3,5-dimethyl-4-hydroxybenzyl alcohol, m.p. 103-104° (reported(61): 


104.5-105). Nmr (CD,,COCD ,) : 17.0605) GH)i, 3s, ecw, OG (eect) 


3,5-Dimethyl-4-methoxybenzyl alcohol (64) 


To 29 ¢g,(0.19 mole) of 3,5-dimethyl-4-hydroxybenzyl alcohol 
contained in a three-necked flask equipped with a refluxing condenser, a 
mechanical stirrer and a dropping funnel was added 8.3 g.(0.2 mole) of 
sodium hydroxide in 83 ml. of water, The warm mixture was stirred with a 
magnetic stirrer and then cooled by immersing the reaction vessel in an 
ice bath, A 23.9 g.(0.19 mole) quantity of dimethyl sulfate was added 
dropwise while the mixture was being stirred, The mixture was refluxed 
all the methyl sulfate had been added to insure com- 


for 2 more hours after 


plete reaction, The mixture was allowed to cool and water was added. The 
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solution was transferred to a Separatory funnel, ether was added and 
the lower layer was discarded, The upper layer which contained the 
desired compound and ether was washed successively with water, two 
portions of sulfuric acid and again with water until the water washings 
were neutral to litmus, Some sodium chloride was added to each washing 
as this will facilitate the separation of the two layers, The ether 
solution was dried with magnesium sulfate, the ether was removed using 
a rotary evaporator and the residue was distilled at reduced pressure, 


bp, 139-147°, to yield 19,1 g,(60%) of 3,5-dimethyl-4-methoxybenzyl 


Omm 
alcohol, Nmr (CDC1,): Th, POMS, LOH) Osos. este BES eos ame 


Tents ya 2H). 


3,5-Dimethy1-4-methoxybenzyl bromide 

Hydrogen bromide was bubbled through a solution of 11,9 g, 
(0.07 mole) of 3,5-dimethyl-4-methoxybenzyl alcohol in 30 ml, benzene 
for 10 minutes, The water formed was separated from the benzene solution. 
The benzene solution was washed with a small amount of water and then 
dried with potassium carbonate. The potassium carbonate was removed by 
filtration and the benzene was removed using a rotary evaporator, The 
residue was distilled at reduced pressure, b. Peg, 132-133,5, i Unis 
124-125°, to yield 13 g.(79%) of 3,5-dimethyl-4-methoxybenzyl bromide. 


n2>; 1.5563, Nmr(CDCL,): 17.756, 4H), 76,3(s, 3H), 15,598, 2m), 
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3, 5-Dimethy1-4-methoxybenzylethylmethylsulfonium bromide 
a } 


To 2 g, (0.009 mole) of 3, 5-dimethyl-4-methoxybenzy]l bromide 
, (0. 009. 
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=135= 
in acetone was added excess ethyl methyl sulfide(0,8 Se, 0,01 mole), 
The mixture was allowed to stand at room temperature overnight, Ether 
was added to induce precipitation, The solid which precipitated out was 
filtered and recrystallized from acetone-methanol mixture to yield) 0.75 sc. 
(282) of 3,5-dimethy1-4—methoxybenzylethylmethylsulfonium bromide, ee 
106=107°, The compound was soluble in water, methanol, moderately 
soluble in acetone and insoluble in chloroform, carbon tetrachloride. 
Bor (02: To JO4CCs =e 1eps, 3H), T778(s,) Ol), 0) 29 (Sook, 


bomce (dee l=/. cps. 2H),  To.32(s,, SH), 15/55 (6,9 28) si 2. oe (ee, wel 


Racemic 3,5-Dimethyl-4-methoxybenzylethylmethylsulfonium perchlorate 


A 3 g.(0,01 mole) quantity of 3,5-dimethyl-4-methoxybenzyl- 
ethylmethylsulfonium bromide was dissolved in methanol and passed through 
a column containing Dowex 1-x8 (50-100 mesh) anion exchange resin in its 
hydroxide form, The basic eluent was carefully neutralized with dilute 
perchloric acid. The solvent was removed using a rotary evaporator, The 
residue was recrystallized twice from methanol and dried overnight in 
an Aberhalden drying apparatus heated with refluxing ethanol to yield 
1 g,@1%) of racemic 3,5-dimethyl-4-methoxybenzylethylmethylsulfonium 
perchlorate, m,p.115°, The salt was soluble in acetone, chloroforn, 
moderately soluble in methanol and insoluble in ether, Nmr (CDC1,); 
18.53(t, J=/,5cps) oH), 17.13(s, OH) — 7 IS Ca 1311) OO (Cee = 
J,oeps. 2H), 16,2/(s, 3H), 15.4(s, 2H), t2,8(s, 2H). 

Ir(Nujol); 1220, 886, 860 cm. 
‘Anal, Calcd. for C,.H,,C10,S: C, ASS07.. oo sb yo2e pC 0,9. 
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Optically active 3,5-Dimethyl-—4-methoxybenzylethylmethylsulfonium 


~perchlorate 
A 29,4 g,(0,096 mole) quantity of 3,5-dimethy1-4—methoxy- 
benzylethylmethylsulfonium bromide was dissolved in methanol and passed 
through a column containing Dowex 1=x8(50=100 mesh) anion exchange resin 
in its hydroxide form. The basic eluent was neutralized with d(+)- 
dibenzoyl tartaric acid. The methanol was removed using a rotary 
evaporator, The residue was recrystallized twice from methanol to yield 


9.2 g,(16%) of 3,5-dimethyl-4-methoxybenzylethylmethylsulfonium dibenzoyl 
2 25am 
589° Don 
lal 2e! -162,4(e 0.257 ,, methanol), Nmr (DMSO-D) : To) ACE =, epse 


tartrate, m.p, M7135, Lo] -67.4; [a] -71,9; [alg ¢:-81.2; 
Sse <1 Csr, MAOH )§A 0753s, GH), (t6s75(Cq, J=745: cps, ~ 2H)” i10,32 
(rect) TONG SLOT T4591 (5, ¥2H) > 9 1. 91-2, 9G eh). 

The dibenzoyl tartrate salt obtained was dissolved in methanol 
and passed through the column containing Dowex 1-x8(50-100 mesh) anion 
exchange resin in its hydroxide form, The basic eluent was carefully 
neutralized with dilute perchloric acid. The solvent was removed using 
a rotary evaporator, The residue was recrystallized from methanol~ether 
mixture: and dried overnight in an Aberhalden drying apparatus heated with 
xefluxing ethanol to yield 3,3 g.(11% based on the bromide salt) of 
optically active 3,5-dimethyl-4-methoxybenzylethylmethylsulfonium 
perchlorate, m,p, Tiiatt2 Weleeey ay 1a} 73 ,:32.1(€ 0,6108, MeOH). 
Nmr and ir of this compound were superimposable with those of the racemic 
compound, 


Gatcd? foros C10,S; C, 48,07; H, Groce GL, LU, sL. 
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Found; C, 48,09, 47,81; 4H, 6,68, "6,30. Cl, 11,58, 10,89, 

The dibenzoyl tartrate salt which did not crystallized from 
methanol was changed to the perchlorate salt using the procedure described 
in the previous section, After recrystallizing three times from methanol 
and dried in an Aberhalden drying apparatus, the yield of the (~)<3,5- 
dimethy1-4-met hoxybenzylethylmethylsulfonium perchlorate was 2,978.(04), 
M,p. ao Tal? 53 a el Go 0.599, methanol). Nar (cDC1.) ane. tr. 
(Nujol) of this compound were superimposable with those of the racemic 
compound, 

Anal. Caled. for C, 3H, C10. 5S: CA 49.07 20 i OV oceee GL em Oo le. 
Sala pe sous 
Bound. «GO. 84/90, (as 75t Hs 46.4955 567003 eC ly wash nO seh Onc. 
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ren top ena alcohol 

A 150 g.(1,08 mole) quantity of_p-chlorobenzaldehyde was 
treated with 10.8 g.(0.27 mole) of sodium borohydride using the procedure 
described for the preparation of_m-nitrobenzyl alcohol, The solid 
obtained was recrystallized from ligroin-benzene mixture to yield 68 g. 
(452) of p-chlorobenzyl alcohol, m.p. 68-69 (reported (65); Tonks Nur 


(CDC1,): 17.68(s, 1H), 15,38(s, 2H), 12.68(s, 4H), 


~p-Chlorobenzyl bromide 


A 68 g.(0,33 mole) quantity of p-chlorobenzyl alcohol was 
converted to p-chlorobenzyl bromide using the procedure described for 


the conversion of m-nitrobenzyl alcohol to m-nitrobenzyl bromide, The 
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solid was recrystallized from ligroin to yield 69 g,(70%) of p-chloro- 
benzyl bromide, mp. 48-49° (reported(66);51°), Nor (CDC1,) ToeOd AS, 


2H), 2.) (Sa 4H)), 


p-Chlorobenzylethylmethylsulfonium bromide 


To 2,08 g5.(0,012 mole) of p-chlorobenzyl bromide dissolved oe 
5 ml, acetone was added 1,23 g.(0.016 mole) of ethyl methyl ares The 
solution was allowed to stand at room temperature overnight, Ether was 
added and p-chlorobenzylethylmethylsulfonium bromide oiled out which then 
solidified after several washings with ether and cooling in dry ice- 
acetone bath with scratching, The solid was recrystallized from methanol 
~ether mixture and dried in an Aberhalden drying apparatus for 3 hours 
at room temperature to yield 1.45 g, (43%) of p-chlorobenzylethylmethyl- 
sulfonium bromide, m.p. 96-97", Uv(CHC1,): 4, =242 mu(e=8677), 
(CH, CN): hax, 7223 my (€=3332). Nor (D,0); To, O2GE, l= 75 mc Da mes Hi) 
ti 2oKs. 5H),  <to,/8(q, Jes, eps, 2H), @s.34(S, over lapp ips wich: 
DOysigual) 0 it2,56¢s,' 4H)’, 


2 


Anal,  Calcd,.for C SBuCl;5C, 42,655" Hoo. 5, Olsos Br tCl eg 2o 16; 


10414 
$4 (138. 
Found sy Cie 4295 42,75; Hae CeiO ee oe oS es iC mags 


HE eT FO HEE 


p-Chlorobenzyl ethyl sulfide 


A 67 g.(0,33 mole) quantity of p-chlorobenzyl bromide was 
converted to p-chlorobenzyl ethyl sulfide by treatment with 21,1 2. (0,34 


mole) of ethyl mercaptan and 7.8 g,(0,38 mole) of sodium using the 
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procedure described for the preparation of m-nitrobenzyl ethyl sulfide, 
The residue was distilled at reduced pressure, bep-7, 120-122, 
BePeay Sey to yield 46.5 g.(@/6%) of p-chlorobenzyl ethyl sulfide, 
Nur (CDC1,): uO oa Cerles.o eps, 3H), El, Ol(des slay o Gps meee )e 


Forin(s,, 2H)s «2,75(a, 44), 


p-Chlorobenzylethylmethylsulfonium methylsulfate 


To 2,766, (0, 015 mole) of p-chlorebenzy ethyl sultade ino mi. 
of acetonitrile was added excess dimethyl sulfate (2.44 f., Us 0loimole). 
The mixture was allowed to stand at room temperature for three hours, 
Ether was added and p-chlorobenzylethylmethylsulfonium methylsulfate oiled 
out, it did not solidified on cooling in dry ice-acetone bath. The 
solvents were removed as much as possible using a rotary evaporator, 
the residue was again cooled down to dry ice-acetone temperature, but 
still no solid precipitate was formed. Nmr of the glassy residue Cor- 
responds: to that of p-chlorobenzylethylmethylsulfonium methylsulfate. 
Nmr (CDC1,): T8,.58(t, J57,5 cps, 3H), 17,04(s, 3H), 16.48(q, 


J=7,5 cps, 2H), 16.27(s, 3H), 15,05(s, 2H), 12.47(m, 4H), 


Racemic p-chlorobenzylethylmethylsulfonium perchlorate 

ebm we Poe ANE PERG THAR cul Poa eT STEN was dissolved 
in methanol and passed through a column containing Dowex 1-x8 (50-100 
mesh) anion exchange resin in its hydroxide form, the basic eluent was 
neutralized with dilute perchloric acid and the solvent was removed 


using a rotary evaporator, The residue was recrystallized twice from 


methanol and dried in an Aberhalden drying apparatus which was heated 
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—136— 
with refluxing ethanol to yield 0.5 g.(11%, based on the p-chlorobenzyl 
ethyl sulfide), m.p. 88°, Uv(CHC1,): A =241 mu (e=3836), (CH,CN) : 
ME e227 my (e=13380). Ir(Nujol): 840, 803 coe Nmr (DMSO-D, ) : 
Bo MOIG el= 7:5 <opsyal GH)qc lh e7ie2 (s,29 BH) yy ler 2idqa! C= Tes eps, alis 
B> Aestoa 21) aetr2a142(s 3h GH) 


Oe Meg 
Found: C, SorcO Ne os 005) He AAS I de GO Gis ue enOe 


Sota, WpCe led), whore HiiGlOnSs0C,) & 391/87 schdive, 4. 6954 sCleee 93 u54q 


25. 00. 

A better method for the preparation of p-chlorobenzylethyl- 
methylsulfonium perchlorate was using p-chlorobenzylethylmethyl- 
sulfonium bromide in place of p-chlorobenzylethylmethylsulfonium 
methylsulfate. The rest of the procedure was the same as that described 
above. The yield of the p-chlorobenzylethylmethylsulfonium perchlorate 
using p-chlorobenzylethylmethylsulfonium bromide as starting material 


was 617, 


Optically active p-Chlorobenzylethylmethylsulfonium perchlorate 


p-Chlorobenzylethylmethylsulfonium methylsulfate was 
dissolved in methanol and passed through a column containing Dowex 1-x8 
(50-100 mesh) anion exchange resin in its hydroxide form. The basic 
eluent was neutralized with d(+)-dibenzoyl tartaric acid. The solvent 
was removed on a rotary evaporator. The residue was recrystallized twice 
from methanol-acetone mixture to yield 8 g.(5% based on the p-chloro- 
benzyl ethyl sulfide) of p-chlorobenzylethylmethylsulfonium dibenzoyl 
tartrate, m,p.131-132°, [a}ip9? -69-65 [o}e3g: -72.95 isle -84.8; 
igi =l66{e 1,529, methanol). 


The dibenzoyl tartrate salt was dissolved in methanol and 


passed through a column of Dowex 1-x8 (50-100 mesh) anion exchange resin 
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in its hydroxide form. The basic eluent was carefully neutralized with 
dilute perchloric acid. The residue was recrystallized from methanol and 
dried overnight in an Aberhalden drying apparatus which was heated with 
Zefiuxing ethanol to yield 8 g,(5% based on the prchlorobenzyl ethyl 
sulfide used to prepare p-chlorobenzylethylmethylsulfonium perchlorate) 
of optically active prchlorobenzylethylmethylsulfonium perchlorate, m.p, 


Oo 
88°, Nmr and ir were superimposable with those of the racemic compound, 


OS 25 


365° =50% 2. 


Anal, Calcd, for Cy Hy ,01,0,5% Gy Wsa8AF Hye .44692 IGh.G 298504. 


FounaseCy 4AGTIL O70 131, 90H, 439 584, O33) Clea 25588, 29,35, 


p-Methylbenzyl alcohol 

A 98 g.(0,82 mole) quantity of practical grade p-methylben- 
zaldehyde(p-tolualdehyde) was treated with 8,4 g.(0.21 mole) of sodium 
borohydride using the procedure described for the reduction of m-nitro- 
benzaldehyde. The residue was recrystallized from heptane to yield 75 g. 
(75%) of p-methylbenzyl alcohol, m.p.58.5(reported (66): 60°). Nor 
(CDC1,): 17.75 + 17.68(two overlapping singlets, 4H), 15.44(s, 2H), 


2e 9 20g de 4H) « 


p-Methylbenzyl bromide _ 
A 48,6 g,(0.398 mole) of p-methylbenzyl alcohol was converted 


to the p-methylbenzyl bromide using the procedure described for the 
preparation of m=nitrobenzyl bromide, The solid obtained was recrys- 


tallized from ethanol to yield 54,8 g, (4%) of p=methylbenzyl bromide, 


MP, 35° (reported (66): Boa 
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p-Methylbenzyl ethyl sulfide 


A 54.8 g.(0.296 mole) quantity of p-methylbenzyl bromide 
was allowed to react with 19.2 g.(0.31 mole) of ethyl mercaptan and 
7.13 g.(0.31 mole) of sodium using the procedure described for the 
preparation of m-nitrobenzyl ethyl sulfide. The residue was distilled 


at reduced pressure, b.p. 10-115, tosyieldv3l tore .(044) of 


13 mm 
p-methylbenzyl ethyl sulfide. Nmx (CDC1,): 7O.0(t. fU=). JeCDS ph). 


Meter OCS tho Ci=/r5 cps), SH), t6.33(s) “2H).. 3 t2.cokmn mau), 


p-Methylbenzylethylmethylsulfonium methylsulfate 


A 3.7 g.(0.029 mole) quantity of dimethyl sulfate was added 
to 4.5 g.(0.027 mole) of p-methylbenzyl ethyl sulfide, The procedure 
was the same as that described for the preparation of m-nitrobenzyl- 
ethylmethylsulfonium methylsulfate. Wee residue was cooled down to 
dry ice~acetone temperature, J/,2 g.(91%) of glassy material whose nmr 
corresponds to that of p-methylbenzylethylmethylsulfonium methylsulfate 
was ECE Nmr (CDC1,): 7o,02(t, (J=/ o.eps,. SH)sntss 0s (Ce, mau) 
Tillis 6 OH). 16.050 s JH/,9_ CDSs. 2H). tOe ohSe Boe) ee a See He 


72.7 (0, 4H), 


p-Methylbenzylethylmethylsulfonium bromide 

To 3.6 g.(0.19 mole) of p-methylbenzyl bromide was added 
excess ethyl methyl sulfide(16 g., 0,21 mole) and 50 ml. of acetone. 
The procedure was the same as that described for the preparation of 


p-chlorobenzylethylmethylsulfonium bromide. Attempts to crystallize 
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this salt failed, it was obtained as an oil, 


Racemic p-Methylbenzylethylmethylsulfonium perchlorate 


A 7,2 g. quantity of p-methylbenzylethylmethylsulfonium 
methylsulfate dissolved in methanol was passed through a column 
containing Dowex 1~x8(50-100 mesh) anion exchange resin in its hydroxide 
form, the basic eluent was carefully neutralized with dilute perchloric 
acid. The solvent was removed using a rotary evaporator. The residue 
was recrystallized twice from methanol and dried in an Aberhalden drying 
apparatus which was heated with refluxing ethanol to yield 1.8 g. (25%) 
of racemic p-methylbenzylethylmethylsulfonium perchlorate, m.p,100-101°. 
Mm CNUI{OUe sel 550... L4a2/4, 822 Se Nmr (CDC1,): 78,58 (ti  Ja/.5aeps. 
SL eeeene0/.(s, pvon),., t/elhCse2 Sh) 10.6404) = J=/,ou eps ec yet yz 
(S2 9.28), 12568(m,. 4H)’. 

Anal. Calcd. for C58, 70,018: Cx" 472063.) Hye (Gols eCL tee 2 63-4 eS O28 


Found: C, 46.79, 46.53; H, 6.09, 5.74; Cl, 12,75, 12.64; 


G09 ook el 220: 


A better starting material was p-methylbenzylethylmethyl- 


sulfonium bromide instead of p-methylbenzylethylmethylsulfonium methyl- 


sulfate. 


Optically active p-Methylbenzylethylmethylsulfonium perchlorate 


The p-methylbenzylethylmethylsulfonium methylsulfate was 


dissolved in methanol and passed through a column containing Dowex 1-x8 


(50-100 mesh) anion exchange resin in its hydroxide form, the basic 
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eluent was neutralized with d(+)-dibenzoyl tartaric acid. The solvent 
was removed using a rotary evaporator and the residue was recrystallized 


from methanol to yield 3 g. (22%) of p-methylbenzylethylmethylsulfonium 


; 25 5) wale) 
dib itartrac oe 5 od [i ae : 2 

PpenZoyl tartrate, m.p.135° , Talegg Tie Toler 80.4; fo} e7 6: 
oo: ie -182(c 0.489, methanol). 


The 3 g. of dibenzoyl tartrate salt which was obtained was 
dissolved in methanol and passed through a column of Dowex 1-x8(50-100 
mesh) anion exchange resin in its hydroxide form, the basic eluent was 
carefully neutralized with dilute perchloric acid. The solvent was 
removed using a rotary evaporator. The residue was recrystallized twice 
from ether-methanol mixture to yield 0.95 g.(63%) of optically active 
p-methylbenzylethylmethylsulfonium perchlorate, m.p. 103°, Nmr spectra 
was superimposable with that of the racemic compound. foleees 1376: 
ane 5o,0@ ¢\0,/459, methanol), 

Anal. Calcd. for C58) 70,C15: Grae 47.064 2,6. 1 On Cie 00: 
S, 11.42, 
Found: C, 4j204, "40.97% oH. 5495.) son O25 eC ue oe ee Oc. 
ty eC Ree ALL Se 

As in the preparation of racemic p-methylbenzylethylmethyl- 
sulfonium perchlorate, p-methylbenzylethylmethylsulfonium bromide was 
ae to be a better starting material ee the preparation of optically 
active p-methylbenzylethylmethylsulfonium perchlorate than the p-methyl- 
benzylethylmethylsulfonium methylsulfate. 


The p-methylbenzylethylmethylsulfonium benzoyl tartrate 


which is more soluble in methanol gave the negative perchlorate salt, 


ae pemee eR ex (c 1.224 , MeOH). 
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o-Methylanisole 


To a three-necked flask equipped with a reflux condenser, a 
mechanical stirrer and a dropping funnel was added 216 g.(2 mole) of 
o-cresol and then 850 ml. of 10% sodium hydroxide solution (2.1 mole), 
The mixture was cooled by immersing the reaction vessel in an ice bath, 
A 252 g.( 2 mole) quantity of dimethyl sulfate was added dropwise with 
stirring. The solution became warm during the addition of dimethyl 
sulfate, it was allowed to cool and water was then added. The solution 
was transferred to a separatory funnel, ether was added and the lower 
layer was discarded. The ether layer was washed once with water, twice 
with dilute sulfuric acid and again with water until the water washings 
were neutral to litmus. Some sodium chloride was added to each washing 
as this will facilitate the separation of the two layers. The solution 
was dried with magnesium sulfate. The ether was removed using a rotary 


evaporator and the residue was distilled at reduced pressure, bP an 


O fe) : ax: 
70-75°, «Pe yp4 7, 168-170° (reported(66)3 b-P+ 769mm, 171-172°), to 
22 
yield 194 g.(80%) of o-methylanisole, n), : 1.5175 (reported(66): 


no: EOL 4 ey Nmr (CDC1,): TPBL Ca ee SHYT PAr6. OSs? STONY 447236 =50 2 


Guy GH). 


3-Methyl-4-methoxybenzyl bromide(35) 


Hydrogen bromide was bubbled through a well-cooled solution 
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Clee. CO,O) mole) of 3-methyl-4-methoxybenzene(o-methylanisole) in 58 g. 
(Onn mole) of 3/7 formaldehyde solution until the solution was saturated 
with hydrogen bromide. The reaction was carried out at-low temperature 
by immersing the reaction vessel in an ice bath, Ice was-added to the 
solution and the reaction product was extracted with diethyl ether. The 
extract was washed with water, dried over sodium sulfate and the ether 
was removed using a rotary evaporator. The residue was distilled at 


reduced pressure, b.p. ms doe 5s to yield 35.2 g.(27%) of 3-methyl1-4- 


om 
Ze 
D ; 


Poe utswe ou), gtos a(S, 2n)a t>.0Cm, voi). 


methoxybenzyl bromide, n 1.47/42, Nr (CDC1,): TOG, neh )s 


3-Methyl-4-methoxybenzylethylmethylsulfonium bromide 


To 14.8(0.067 mole) of 3-methyl-4-methoxybenzyl bromide in 
20 ml. acetone was added excess ethyl methyl sulfide(13.7 g., 0.16 mole). 
Reaction occurred immediately as evidence by the evolution of heat. The 
acetone and excess ethyl methyl sulfide was removed using a rotary 
evaporator. ieee to solidify the residue by repeated washing with 


ether and cooling in dry ice-acetone bath failed. 


Racemic 3-Methy1-4-methoxybenzylethylmethylsulfonium perchlorate 


About? 3 g...0f 3-methy1-4-methoxybenzylethylmethylsulfonium 
bromide was dissolved in methanol and passed through a column of Dowex 
1-x8(50-100 mesh) anion exchange resin in its hydroxide form, the basic 
eluent was carefully neutralized with dilute perchloric acid, The 


solvent was removed using a rotary evaporator. The residue was recrys- 


tallized twice from methanol-ether mixture and dried in an Aberhalden 
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drying apparatus which was heated with refluxing ethanol to yield 1 g. 
(31%) of racemic 3-methy1-4-methoxybenzylethylmethylsulfonium perchlorate, 
DeDis 91°, de Chg ol) tes G05.) 15049 1253, 01270" 900K e 7 0),a5 20 LO me 
Nmr (CDC1,): POO Ch meas 10 °Cps, 0 3i)s. 917.845" BLE STATIN Sy SDs 
POMGAG se JSP's.5 CPs, ZU e002 (S, 63H) 15. 28(S,) 2) 29-338 (ny 
3H)» 
Anal. Calcd. for Cj oH) SC10.: Cee TC ace Soke teal Saliba 

Bounds) @C,0mtOmc2 went O,595: 49.6, LON POLLS: SIC all cel LOG 


Optically active 3-Methyl-4-methoxybenzylethylmethylsulfonium perchlorate 


About 9 g. of 3-methyl-—4-methoxybenzylethylmethylsulfonium 
bromide was dissolved in methanol and passed through a column containing 
Dowex 1-x8(50-100 mesh) anion exchange resin in its hydroxide form, The 
basic eluent was neutralized with 12 g. of d(+)-dibenzoyl tartaric acid. 
The volume ae the solvent was reduced by evaporating off some of the 
methanol using a rotary evaporator, the dibenzoyl tartrate salt which 
precipitated out was washed with ether and dried, m.p. eye This 
compound is insoluble in dimethyl sulfoxide, slightly soluble in 
methanol. Ir(Nujol): 1713, 1664, 1268, 820, 715 ce [o} £2 5:69.53 

25 25 25 


25 
a — . a -_ ° . ‘ak A e s- 2) k 
[a] 559: 75.9; Lolo)? -89.63 [oli 3g? 7172.85 [M]], :-392(¢ 0.1094, 


methanol). 


The dibenzoyl tartrate salt prepared was changed to the 
perchlorate salt by dissolving the dibenzoyl tartrate salt in methanol 


and passing the solution through a column of Dowex 1-x8 (50-100 mesh) 


anion exchange resin in its hydroxide form, the basic eluent was 


carefully neutralized with dilute perchloric acid, The solvent was 
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removed using a rotary evaporator, The residue was recrystallized twice 


from methanol-ether mixture and dried for 2 hours in an Aberhalden drying 
apparatus which was heated with refluxing ethanol to yield 1.8 g. (19% 
based on the bromide salt) of (+) -3-methy1-4-met hoxybenzylethylmethylsul- 


fonium perchlorate, m.p. Biss)”, Nmr spectrum of this compound was 


Zone, 25 


Superimposable with that of the racemic compound, lol, 36: 26.0% la} 35: 


50(c 1.095, methanol). 
Anal. Calcd. for Cj 5H SC10.: Cyen4Os3 7 tenh en eOeLGsyieel POa I, aie 
Found: C, 46.24, 46.18; H, 5.99, 6.02; CU y Lied, sss 


The dibenzoyl tartrate salt of 3-methyl-4-methoxybenzylethyl- 
methylsulfonium compound which was very soluble in methanol was converted 
to the (-)-perchlorate salt using the procedure described for the prepa- 
ration of the (Pyeperenterate salt. The salt was recrystallized twice 
from methanol-ether mixture and dried in an Aberhalden drying apparatus 
to yield 0.6 g.(6%) of (-)-3-methyl-4-methoxybenzylethylmethylsulfonium 


Nmr spectrum of this compound was superimpo- 


25 25 


sable with that of the racemic compound. [oJ egg: -2.73; [a] 55 9:-2.73; 
| 25 


25 agi a A ig aor 
[oJe7 ¢! -3.16; [ol 363 O=7* lol 565 


) 
perchlorate, m.p. 81-82 . 


: ; 163 Eas 
nial Calcd. Lor Cj oH) 98C10.: Ci G65 3759 ise 10 Oeil, ee 


Rounds. CG. (46047, 46.1137 Hy 2.9%4) Ol; Cli LLL Gs aie bos 


m-Nitrobenzyl methyl ether 
A 5 g.(0.023 mole) quantity of m-nitrobenzyl bromide was 


added to a solution of sodium methoxide prepared by adding 0.5 g. (0.021 


mole) of sodium to 20 ml. of methanol. The mixture was refluxed for 
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16 hours. The solvent was remoyed using a rotary evaporator. Water was 
added to the residue and the mixture was extracted with anhydrous diethyl 


ether. The two extracts were combined and dried with potassium carbonate. 


The ether was evaporated off using a rotary evaporator and the residue was 


distilled under pressure, b.p.,, 142-143°, to yield 2.5 g.(65%) of 
impure m=nitrobenzyl methyl ether, VPC showed the product to contain 


impurities, these were removed by chromatography on alumina, first 


25 


using pentane as eluent and then benzene-pentane mixture(1:4). n_~: 1.5359. 


D 
meced J.) 73070, (2990,. 2925, 2820, 1526, 1345) 1190.) Alig, 8929, 


Boa, OOD. | 722 nee Nmr (CC1,): T6.56,0S;. (SHS 5.45 (Gece) ee Oe 


207s 4H). 
Anal, Calcd. for Ce HNO, : Ce 57.43%. 9H, 25.435 NR toeso. 


Bound: iC. 057.36, 157303). He 5.50,, 5.498 ON Ole ee. 


p-Chlorobenzyl methyl ether 


A solution of sodium methoxide was prepared by adding 1 g, 


of sodium to 30 ml. of methanol. A 5 ge. (0.024 mole) quantity of p-chloro- 


benzyl bromide was added to the sodium methoxide solution. The rest of 
the procedure was the same as that described for the preparation of m- 
nitrobenzyl methyl ether. Impurities were removed by chromatography on 
alumina using pentane-benzene mixture(2:1) as eluent. The eluent was 
evaporated off using a rotary evaporator and the residue was distilled at 


fo) fo) Zoe 
reduced pressure, CoP oe : A a ai » Ty : Looted. 


Ir(CCl,): 2928, 2821, 1596, 1488, 1097, 1085, 1012, 914, 833 em. 


Nmr (CC1,): 16.73(s,. 3H),. 15.69(s, 2H), 72.82(s40) 4H), 
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Analy* Calcd, for CoH)0C1; Re Ole, ie et el Gee 


found, C, Olv26," Olcl7s FH. OsO4, > 5.007 CL, t25.00, oe are 


p-Methylbenzyl methyl ether 


To 6.3 g.(0.052 mole) of p-methylbenzyl alcohol was added 25 
ml, methanol and 7 ml. concentrated hydrochloric acid. The mixture was 
refluxed for a day. The methanol was removed using a rotary evaporator 
and the residue was extracted with anhydrous diethyl ether. The extract 
was washed with 10% sodium bicarbonate solution and then with water, 
dried with potassium carbonate and the diethyl ether was removed using 
a rotary evaporator. The residue was distilled at reduced pressure, 
Sona ce Depeeteo 2 sae VPC showed an extraneous peak with 
retention time eyorten than that corresponding to the p-methylbenzyl 
methyl ether. Purification was done using a chromatography column 
packed with aluminum oxide and using a 4:1 mixture of pentane:benzene 
as eluent. The first three fractions of eluent, 100 ml. each, were 
collected. The eluent was removed on a rotary evaporator and the resi- 
due was distilled at reduced pressure, ere ines 1.4981. 
Ir(CCl,): 2819, 1090, 832 cm." Nmr(CCl,): 17.7(s, 3H), 16.75 
(s) Pan)! °15.69(s, “ 2H)" 12.94(s, 4H). | 
DnaiemeCatca, for C,u.,0:- Cc, 79.9!5 iy 2 G0ds 


9°12 
Foundmc, 78843, 78.25; H, 8.94, 8-82. 


3,5-Dimethyl-4-methoxybenzyl methyl ether 


TOU per cOL 3,5-dimethyl-4-methoxybenzyl alcohol was added 10 
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ml. of methanol and 1 ml. concentrated hydrochloric acid. The solution 
was refluxed for a day. The rest of the procedure was the same as that 
described for the preparation of p-methylbenzyl methyl ether. The 
impurities in the product were removed by chromatography through an 
alumina column using a 4:1 mixtures of pentane:benzene as eluent. The 
first three fractions of eluent, 100 ml. each, were discarded, the 
fourth to eighth fractions were collected and the solvent was removed 
using a rotary evaporator. The residue was distilled at reduced pressure, 
b+ P+ Gm, 110» to yield:0.1 g.(9%) of 3,5-dimethyl-4-methoxybenzyl methyl 


ether. Ir(CC1,): 2820, 1090, 860 ee Nmr(CC1,): 17.79(s, 6H), 


t6.77(s, Bee 75 o (Sin eo Hes. 19 (Ss 2H) e663 7c cme je 


~-3—Methyl—4—-methoxybenzyl methyl ether 
A 10 g.(0.047 mole) quantity of 3-methyl-4-methoxybenzyl 


bromide was added to a solution of sodium methoxide prepared by adding 
Za. g. (0.051 mole) of sodium to 30 ml. methanol. The mixture was re- 
fluxed overnight. The rest of the procedure was the same as that 
described for the preparation of m=nitrobenzyl methyl ether. The pro- 
duct was distilled at reduced pressure, Bap nue 99204 3 nay epee pals 
to yield 5 g.(64%) of 3-methyl-4-methoxybenzyl methyl ether. The impu- 
rities in the product were not removed by chromatography using an 

alumina column. These impurities were removed by gas chromatography 
using a 2<meter column of silicon oil DC 200(dimethyl siloxane polymer) 

on acid washed chromosorb W, with temperature=174, current=200 milli- 


amperes, flow rate of the helium gas=60 cc/min. Aliquots of 5yl1 were 
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injected into the column and samples were collected when the peak corres- 
ponding to 3-methyl-4-methoxybenzyl methyl ether appeared in the VPC 
graph. Ir(CC1,): ZIZ0W 62083, 1060/5 PSO2 STAG0, toe a8 1124 LOS 7s 
1034, 877 cm." Nmr(CCl,): 17.83(s, 3H), 16.78(s, 3H), 16.23(s, 
eee 5 (S, 2H), 2. 62-9-547 (my, 3H). 
Anat. Gaicd.- for Cy ofy 9: Ce 2. 20%. — de coe G On 

Broun’: Cos) -85,) W170; He 8153.) 48-64) 


Optically active p-chlorobenzylethylmethylsulfonium bromide 


_ A 40 g. quantity of racemic p-chlorobenzylethylmethylsulfonium 
bromide was passed through a column containing Dowex 1-x8(50-100 mesh) 
anion exchange resin in its hydroxide form and then neutralizing the 
basic eluent with 29 eg. of d(+)-dibenzoyl tartaric acid. Most of the 
methanol was removed using a rotary evaporator. Acetone was added to 

the residue until the solution turned cloudy. The solution was 

allowed to stand in the fridge overnight. A 14g. quantity of the 
p-chlorobenzylethylmethylsulfonium dibenzoyl tartrate precipitated 

out. This was dissolved in methanol and passed through the column 
containing Dowex 1-x8 anion exchange resin(50-100 mesh) in its 


hydroxide form. The basic eluent was neutralized with dilute hydrobromic 


acid. The solvent was removed using a rotary evaporator. The residue 
was washed several times with ether and then recrystallized twice from 


methanol-ether mixture. The crystals were dried for 2 hours in an 


Aberhalden drying apparatus at room temperature to yield 14,8"¢8. (372) “Gt 
: : fe) 
optically active p-chlorobenzylethylmethylsulfonium bromide, m.p. 79-82 . 


Nmr and Ir were superimposable with those of the racemic compound. 
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Tetra-n-butylammonium perchlorate 


Tetra-n-butylammonium perchlorate prepared by L. Green(67) 
was recrystallized from aqueous acetone and dried in an Aberhalden 
drying apparatus at room temperature for 2 days to give crystals 
which melted at 210-211° (reported (48) :213-213.9. The crystals were 


soluble in DMSO, CHC1 CH,C1 ethanol, nitrobenzene but insoluble 


oh Dir rie 
in water. Nmr (DMSO-D,) : T/ OU Gi. TH) TO. DO. to (Ole ee) ated 
Ton, DMSO-D, ). Nmr (CDC1..): T76.0-9.53(My.0 7H) ,) BUOso—/- O02. 2H): 
Nmr (CD..NO, ): t7.90-9.29(m.) /H) O.52—7,0Gn,) 2H). Nmr (CD.,CN) : Ti.o3 
=9,200, 27H), ‘t6.69-7.09Gm, 2H). Nmr (CD,C1,)5 See Table XXXIX 
(Chapter III). 
Pielke iGalcd. Lor C, Hy ,NC10, : Gut SO s20s th ee Or Oba aN rd. cee Cle 

LO23 75 


Found: C.. 55289..'55.40; He 10460046; ge Nome LO,mmomdor 


Gl. 10.38eu. 10003. 


Tetra-n-butylammonium bromide 
a. a a ae 


Tetra-n-butylammonium bromide prepared by L. Green(67) 


was recrystallized from ethyl acetate to give crystals which melted 


A lenian inher se wet 
rep,ee lead | Stave Fee ‘sa ye eile aie eae 
AE. at mm ee, al af 
> 54 A, 
a ae es) ae B0.€ ft MPs Be ee. ga ina b 


‘ os 
sabrval ioxeg minds - ne — i 


Jase) .J yt botegerta sasigniads svt oonnadysudog- ay | a 
wolaftedA os et babr> tae Bape paint mort Bes ti bikie | 
gieyss svig 62 aveb Sag) aida reties anor d6 + i‘ 6qgm) 
sysw alisdegis GAT ~.@s6 SES EBHD DS 30H) Reta 104 t nat 
gitulosat jul speernedertin _Tenatfe eg ttc  « 
aQE.Ne (CHS yo RES-Ot ay eRe PITY : cai 
CHS. ,m ND. V2 Ada Gat pret ole y ie 2 
CHD I) aa (HS .wO. Takes ve stele 


BEEKK atdnt oak’ gcd ae tes ayto.t-03.02" 
. ; “ray Fpl oui 


i pl Mh gept i ‘go. ae eo § OTOH ety 9 Pre 
tpl oe . pre 

we Orb oe « e062 A. Oh,ce a a ; 
| £0.01 86.0 pan 


<p ane P 


(atop 1.x Bengal 
iikasahtee iia uaa atane aa 


~~ ave te id 


=l52= 


O 
at 102 (reported (48) :118-119° ), The crystals were soluble in ethanol, 


nitrobenzene, CH, CN and CHNO,,. Uv(CD.CN) : Anax 7228 mu (€=21800); 


\nax, 293 mu (e=21800). Nmr (CDC1,): t 8-97-28 Gag. JH) ,690.6350e0.99 
an, 2H) Nmr (CD.,NO, ) : T/289=9,250my. 7H)S 826)42=6.92 Gaee ens 
TITOSCS, CD,NO,). Nmr (CD.,CN) : T/.92=9326(m , 2 07H) ,Ner6e5=7.00n, 2H)a 
Anal. Calcd. for C, Hy NBr: GC, SOP Ober tis FIs Zone Nei nd eA 
BE, we 245798 
Pound Yee eS 64 PR SOL GAee! HELLA]. 30,ehhOn 78s UMN. 22R tie 
Bryr25 075. ~259.30% 
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Tetra-n-butylammonium 2,4,6-trinitrobenzenesulfonate 


A 2 g. quantity(0.006 mole) of tetra-n-butylammonium bromide 
was dissolved in methanol and passed through a column packed with Dowex 
1-x8(50-100 mesh) anion exchange resin in its hydroxide form. The 
base formed was neutralized with 1.05 g.(0.0036 mole) of 2,4,6-trinitro- 
benzenesulfonic acid. The methanol was evaporated off using a rotary 
evaporator. The residue was washed repeatedly with ethyl acetate and 
fe recrystallized from methanol-ether mixture. The crystals were 
dried for two days in an Aberhalden drying apparatus which was heated 
with refluxing ethanol to yield 0.5 g.(164) of tetra-n-butylammonium 
2,4,6-trinitrobenzenesulfonate, m.p.153°. Satistactory.G, N,o8 
analysis could not be obtained. Nmr (CD.,CN) : T/ 0979 -OAINs,  2Ou). 
16.68-7.17(m, 8H), 12.83(s, 2H). Nmr (CD..NO, ): t7.94-9.33(m, 28H), 


16,9-7,0(m; SH), 12-/6(s, 2H). Nmr (CD,C1,): See Table XXXIX 


(Chapter III). 
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N-benzyltrimethylammonium perchlorate 


AUS S63 syrquantity lof N-benzyltrimethylammonium hydroxide 


(40% in methanol, Alé@yich Chemical Co. Inc, fe 134310) was 


neutralized with dilute perchloric acid. The solid which precipitated 
out was recrystallized from methanol and dried for 2 hours in an 
Aberhalden drying apparatus which was heated with refluxing ethanol to 
yield 1,22 g.(78%) of N-benzyltrimethylammonium perchlorate, me pel? tes 
The compound was soluble in acetonitrile, acetone, DMSO-D, slightly 
soluble in 95% ethanol but insoluble in CHACl,, CHC1,, H,0 and HCONH, . 
Nmr (CD.,CN) : 16.98(S.enon yp, Cres s52(s)0. 20). 12.46(s 5.1 85n)) Wer, 63- 
8.18(n, CD,CN). Uv (CH, CN) : Aoedes20y mu (e=8535). 
kia lmeiGahked ; efor Cy Hy NC19, : SHrc4SslLOsiaH,.~ Ge46Fy NVAPS ToL: 
CLEeeran2: 


Found; » Cy °47s96) °47.79)9 H, 6.18, 6.06; °Nj© 5205; 95/15; 
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~N=benzyltrimethylammonium bromide 


A 3.64 g. quantity of N-benzyltrimethylammonium hydroxide 
(40% in methanol, Aldrich’ Chemical ‘Co, Ine. a 1,4310) was 
neutralized with dilute hydrobromic acid solution. No precipitate 
was formed after addition of ether. The ether, methanol and water 
were. evaporated off using a rotary evaporator. The residue was 
recrystallized twice from methanol-ether ne eCEEe to yield 0.86 g. (432) 
of N-benzyltrimethylammonium bromide, m.p. 235-236° (reported (68): 
29 5ny:% The egaseind was insoluble in methylene chloride, acetonitrile 


and acetone, slightly soluble in dimethylsulfoxide and 95% ethanol 
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but soluble in chloroform, water and formamide. Uv (CH,CN) : r 4 
max, 


203 mu(e=17104). Nmr (D,,0) : 06297 (Ss169R)s5 GSI57 (se V2) cet lee 


ReyueSh)s fx5¥37(s4 -D,0). 
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N-benzyltrimethylammonium chloride 


A 4 g. quantity of N-benzyltrimethylammonium hydroxide 
(40Z in methanol, Aldrich Chemical Co, Inc. neo: 1,4310) was 
neutralized with concentrated hydroxhloric acid, Methanol was added and 
the methanol-water mixture was removed using a rotary evaporator. The 
residue was recrystallized from acetone-ether mixture and dried in an 
Aberhalden drying apparatus to yield 1.8 g.(40%) of N-benzyltrimethyl- 
ammonium chloride, m.p.235-236. The compound was soluble in water 
and methanol, slightly soluble in nitrobenzene, chloroform and nitro- 
methane. No satisfactory C, N, H analysis could be obtained. Nmr (CDC1,): 


654 shoe 6H) Set 4e87iGG5. oH) 51 023 0842.69Kmic SH) gress bela (sy y6HD4 


FD.O(ShIO2ZH)se w2ahG (Sock 5H) peut 5i34(s, D,0). 


Triethyloxonium fluoroborate(69) 


A 200 ml. three-necked flask, a stirrer, a dropping funnel, 


fo) 
a condenser provided with a drying tube were dried in an oven at 110, 


assembled while hot and cooled in a stream of dry nitrogen.) Av50 mi. 


quantity of sodium dried ether and: 28.4 .¢ (25, 2-mle4c¢ 0. 2amolLe), of 


freshly distilled boron fluoride etherate were placed in the flask. 
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Epichlorohydrin(14 g., 11.9 ml., 0.151 mole) was added dropwise to 
themetirréedsolutionwvat arate sufficient to Maintain vigorous boiling, 
about one hour is needed. The mixture was refluxed an additional hour 
and allowed to stand at room temperature overnight. The solution was 
filtered and the crystalline mass of triethyloxonium fluoroborate was 
washed several times with ether and kept under ether at 0°. The 
triethyloxonium fluoroborate is colorless.( reported(69): m.p.91-92°,. 


yield:4.5 gi)> 


Benzyl methyl sulfide(63) 


To an ice cooled solution of sodium methoxide prepared by 
dissolving 12 g. of sodium in 300 cc. of methanol was added 25 g.(0.5 
mole) of methyl mercaptan and then 63 g. of benzyl chloride. The 
mixture was refluxed for 2 hours on steam bath, the methanol was 
removed using a rotary evaporator. The residue was mixed with water 
and extracted three times with ether. The ether solution was dried 
with calcium chloride and the ether was evaporated off using a rotary 
evaporator. The residue was distilled at reduced pressure to yield 
51 g. (74%) of benzyl methyl sulfide, bepeg , 60°- Nmr (CS, ): Ute yee. 


(Srgea yee Gr6753(sry 2H)),0~ 22593S,.) SHR 


Benzyl methyl sulfoxide(70) 
A 35.1 ¢.(0.25 mole), quantity, of benzyl methyl sulfide in 


102 ml. of acetone was cooled in ice and 25.8 ml. of 30% H,0, was 


added. the solution was stirred with a magnetic stirrer overnight. 


The acetone was removed using a rotary evaporator. When pentane was 
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added and the solution was cooled in dry ice-acetone bath, a solid was 
formed. This solid was washed with pentane which yield 11Sh9...6457) 408 
benzyl methyl sulfoxide, m.p.51~52° (reported(70): Slay. Nmx(CC1)): 
Paths 3H) « 976¢13,6s5,002H) , t2.74(s, 5H). Ir(CC1,): 1050, 


neccec ada 


Benzylmethylethoxysulfonium fluoroborate 


A 6.65 g.(0.035 mole) quantity of triethyloxonium fluoroborate 
was added to an equimolar amount of benzyl methyl sulfoxide(5.4 g) in 
methylene chloride, The solution was allowed to stand at room tempera- 
ture for 5 hours. Ether was then added to induce precipitation. The 
solid which precipitated out was recrystallized from methylene chloride- 
ether mixture and dried overnight Fae Aberhalden drying apparatus 
at room temperature to yield 8.8 g.(93%) of benzylmethylethoxysulfonium 
fluoroborate, icp. 16-7. Nmr (CDC1,): TOa8 (hy W=/nepss £3H), 3 26.78 
G50 331 o 15.27 5 (gat il=7 saps) de2H), 10ta221 0d mel=/ceps, oh2 ian 235/ Gn 
5H)» 

Anaieg Caled. ifernG-= 0 SOBF, : CyinG4 e483 oul, pesH60% 


TO"t> 
Roundsy Grrnth 4imed44e513, Hoge sSSntesci te 


p-Chlorobenzylethylmethylsulfonium fluoroborate 


A 2.5 g. quantity (0.009 mole) of p-chlorobenzylethylmethyl- 
sulfonium bromide was dissolved in methanol and passed through a column 
containing Dowex 1-x8(50-100 mesh) anion exchange resin in its hydroxide 
The basic eluent was neutralized with fluoroboric acid prepared 


form. 


(71) by adding 5 g. of boric acid in small proportions to 1.63 g. of 
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hydrofluoric acid(40% HF) cooled in ice. Most of the methanol was 
removed using a rotary evaporator. Ether was added until the solution 
oa cloudy. The solution was then allowed to stand in the fridge 
overnight. The p-chlorobenzylethylmethylsulfonium fluoroborate which 
crystallized out was dried for an hour in the Aberhalden drying apparatus 
which was heated with refluxing ethanol. The yield was 2.6 e. L007) 
m.p. 84-84.5°. Nmr(CD,C1,): See Run IV-87-A in Table XXXVIII (Chapter 
LET). 
Anal. Calcd. for Cy Hy ,CISBF, : GC, te41hO3se HH, Me4eSOe aCine 22.29% 

S, Wakledas 
eFound 3giG,, e441 845 omc4hs9Sen HH, The. GlemoGnos easChsl abk2a2ee wi2ss0: 
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Trimethylsulfonium iodide 
A 14.2 g.(0.095 mole) of methyl iodide was added to 4.5 g. 


(0.073 mole) of eae iy baa eedte in 10 ml. of acetone. The solution was 
allowed to stand at a temperature for 20 hours in an Erlenmayer flask 
wrapped with aluminum foil. On mixing the two reagents, brocniet 
precipitate was formed immediately. The precipitate formed was washed 
thoroughly with ether until the color was pale yellow. After drying, 
the yield was 6.6 g.(44%), m.p. 204°(reported(66): 203-207°). The 


crystals turned yellowish on exposure to bight. 


Trimethylsulfonium perchlorate 
Fresh silver oxide was prepared by adding Ge3iee’. (02033 


mole) of silver nitrate to 1.9 g. (0.034 mole) of potassium hydroxide 
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and then washed free from base. A 6.6 8. quantity of trimethylsulfonium 
iodide prepared as described in the preceeding section was dissolved in 
60% ethanol-40% water and then added to this freshly prepared silver 
oxide. The trimethylsulfonium hydroxide solution was divided into two 
portions. One portion was neutralized with dilute perchlorie acid. The 
trimethylsulfonium perchlorate crystallized out when most of the ethanol 
was evaporated off using a rotary evaporator. The solid was recrystallized 
from acetone-ether mixture and dried in an Aberhalden drying apparatus 
heated with refluxing ethanol for two hours. Melting point of this 
compound was mot taken because it was reported(66) that it may be 

highly explosive on decomposition. The compound was soluble in aceto- 
nitrile, dimethylsulfoxide, nitromethane, acetone, water, insolu- 
ble in chloroform, methylene chloride and slightly soluble in methanol, 


Nmr (90% CD,COCD,-10% D,0): 16.93(s), 17.9(m, CD,COCD,), 16.3(s, 


S) 5) 


D,0). | 
Anal. Calcd. for C,HyC10, 3 Ce 20,40; 4H, 5. 14s ES real oe Cin 20.0 rn, 
Found: C, 20.03, 20.10; 4H, Pe fo OP en iia Piet hy Weng ai 


Cie” 20700: 


Trimethylsulfonium bromide 


The second portion of trimethylsulfonium hydroxide solution 
prepared in the preceeding section was neutralized with dilute hydrobro- 


mic acid, The solvent was evaporated off on a rotary evaporator, 


Methanol was added several times to facilitate the evaporation of 


water, The residue was recrystallized from acetone-ether mixture and 


dried for 2 hours in an Aberhalden drying apparatus which was heated 
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with refluxing ethanol to yield 1 g. of trimethylsulfonium bromide, 

m.p. 201-202° (reported (66): 1 oe DONE Olen -decompose at WS Nmr (90% 
CD..COCD,-10% D,0): Troe). © T7934 Mm; CD,,COCD,), Oe LC Gr D,0). 

The compound was insoluble in acetonitrile, nitromethane, chloroform, 

acetone, methylene chloride but soluble in water, dimethylsulfoxide 

and methanol. 

Anal. Calcd. for C,H SBr: GEAO2Z E94 DO MSV SSR Ss | S2ZORGES e Bese Omer. 

Pound se eGs “s25 007, meron? MHEe S7a/ ees so: S, ZOr63 > BLO RSG: 


Br, 50.98, 50.40. 
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KINETICS: 


fitrimetric rates: 

The sulfonium salt was accurately weighed into a tared flask. 
Solvent was added to the mark. The flask was shaken until all the salt 
was dissolved and a homogeneous solution was obtained. Aliquots of the 
solution(ca. 5.5 ml.) were transferred to cindeotetlie eteaned fetpartial ly 
drawn test tubes. These ampoules were then sealed and immersed in the 
appropriate constant temperature baths. These baths were thermostated 
at 70.00+0.02°, 50.004+0.02°or 25.0040.02°, At appropriate time 
intervals, the ampoules were removed from the bath, placed in a dry 
ice-acetone bath and shaken for 30 seconds in order to quench the 
reaction. The first point was taken at least 4 minutes after the 
ampoules were placed in the bath so as to insure temperature equilibra- 
tion. Infinity measurements were taken at approximately ten and twenty 
half-lives. Before fi seiou es were opened, they were allowed to equi- 
librate to 250 in a constant temperature bath for 5 minutes. A5ml. 
aliquot was removed by means of a calibrated automatic pipette and 
delivered into a 50 ml. Erlenmayer flask containing 25 ml. of 
distilled water which had been boiled and cooled to room temperature 
Before the 5 ml. aliquot was added to the 25 ml. 


prior to being used. 


of water in the Erlenmayer flask, the water was first titrated with 


the sodium methoxide solution until the end point was reached. Each 


sample was titrated for acid with a standard solution of sodium methoxide 


‘ fe) 
in methanol using phenolphthalein as indicator. For reactions at eat 


sealed ampoules were not used, the volumetric flask containing the 
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Solution was immersed in the 25° bath. At appropriate intervals, a 
5 ml. aliquot was withdrawn from the volumetric flask and delivered 
into a 50 ml. Erlenmayer flask containing 25 ml. distilled water and 


titrated as described above. 


Polarimetric rates 

Method I. Aliquots of a standard solution of the optically active 
sulfonium salt were transferred to ampoules. The ampoules were sealed 
and placed in a constant temperature bath as described for the 
titrimetric rate analyses. Reactions measured at 70° and 50° were 
quenched as described above. After equilibration to 25°. the ampoules 
were opened and an aliquot of the solution was transferred to a 1 dm. 
polarimeter tube. The optical rotation was obtained from the digital 
readout of a Model 141 Perkin-Elmer Polarimeter. Measurements were 
made using an incident light beam with wavelengths of 589 mu, 436 mu 
and 365 mu. A 'zero' reading was obtained before each measurement. 
Method II. For some gf the polarimetric analyses, the Model 141 
Perkin-Elmer Polarimeter was equipped with a Honeywell recorder having 
a chart speed of 4 inches per hour. Water from a constant temperature 
bath, 49.99+0.02 or 25.01+0.02, was circulated through jacketed 
polarimeter tubes. An aliquot of the solution of the optically active 
salt was placed in the polarimeter tube and for some of the experiments, 


the optical rotation was continuously recorded. A "zero' reading was 


taken before and after each run. For most of the runs, the optical 


rotation was taken from the digital readout at appropriate time 
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intervals and recorded in the laboratory book. The rate constants 
were calculated on the basis of the experimental infinity obtained 


after 10 half-lives(zero). 
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Analyses: 

The product analyses for the solvolyses of the sulfonium 
perchlorates were performed by injecting the reaction solution directly 
into the gas chromatography apparatus. 

The different columns and conditions of operation employed 
for gas chromatographic analysis are listed in Table XLVIII. For each 
determination, the analytical method was calibrated by control 
analyses on solutions of known composition. 

Details of the analysis of the product distribution from 
the methanolysis of p-methylbenzylethylmethylsulfonium perchlorate 
are presented as typical example to illustrate the method of product 
analysis. 

Two standard solutions were prepared. The first, III-152-1, 
contained p-methylbenzyl methyl ether(0.0725 M) and ethyl methyl sulfide 
(0.2032 M) in anhydrous methanol. The second, II1I-152-2, contained 
naphthalene(0.1064 M). benzene(0.1426 M) and 2,6-lutidine(0.08038 M) 
in chloroform, 

A series of standard solutions containing various concen- 
pre sigae of p-methylbenzyl methyl ether were prepared by making a 


series. of dilutions of the stock solution(I1I1I-152-1) with methanol 


as shown in Table XLIX. 
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TABLE XLVIII 


COLUMNS AND CONDITIONS OF OPERATION FOR GAS CHROMATOGRAPHIC ANALYSES OF 


SUBSTITUTED BENZYLETHYLMETHYLSULFONIUM PERCHLORATES ( Seiiey  2e a Vie 


EF ne 


Solvent: Methanol; Column: Silicon oil DC 200(Dimethylsiloxane polymer) 


on acid washed chromosorb W; Detector Current: 200 ma. 


Temperature 
R Column Injector He Flow Rate Products(retention time in 
cre) CEG Cec. /min.) minutes are in brackets). 
p-CH, 105 Bly 300 p-CH,OCH,OCH, (7. 3) ; naphthalene 
Gintermalistandard 12. co). 
p-Cl 174 320 60 p-C19CH, OCH, (3.3) 5 phenyl 
ethecCinternalsstanaakd ssa). 0) 
m-NO,. 174 320 60 m-NO, OCH, OCH, (6) 5 naphthalene 
Ginternal standardmas2 <0). 
3-CH- 174 307 60 3-CH,~4-OCH, OCH, OCH, (6.6) 5 
4-OCH., phenyl ether(internal standard, 
8.1), 
3,5-diCH,- 169 323 120 3 ,5-diCH,-4-OCH,, OCH, OCH, (6.1) ; 
4-OCH naphthalene(internal standard, 
3 
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Product analysis: 

The solvolysis rates were determined by following the rates 
of acid production. Each mole of the sulfonium salts SoLolveed would 
account for one mole of acid. The amount of acid produced was determined 
by titration with standard solution of sodium methoxide using phenol- 
phthalein as indicator as described in detail in the kinetics section. 

The amounts of the other products were determined by gas 
chromatography. The products were not isolated from the solvent but 
the reaction solution was injected directly into the Perkin-Elmer Model 
154-D Vapor Fractometer. 

An accurately known amount of internal standard was added 
to each solution in order to ascertain the per cent recovery. The area 
of each component peak relative to the peak area of the internal 
standard was calculated using a Honeywell Disc Chart Integrator. 

A series of control solutions containing various ratios 
of each product relative to the internal standard were prepared and 
analyzed in exactly the same manner as the product analysis in order 
to calibrate the analytical method. Standardization curves were 
constructed by plotting the weight ratios of each component and the 
Standard vs. the ratios of their peak areas. From the curve, the 


yield of product was computed for each product analysis. 
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TABLE XLIX 


STANDARD SOLUTIONS FOR THE PRODUCT ANALYSIS OF p-METHYLBENZYL METHYL 


ETHER 


| SS EE So nll eR AGA ie HA eee 
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Solution Aliquots of stock solution Aliquots of solvent 
TLI-152-1 (m1) (m1) 
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PEL=152-20 XP 7 Axo 


Control solutions were prepared by transferring 1.97 ml. 
aliquots of each of these solutions by means of calibrated automatic 


pipette to 1.97 ml. aliquots of III-152-2. The weight of each 


component in the control solutions are lastedoin jdable, i. The plot 
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TABLE L 


CONTROL ANALYSES OF THE P-METHYLBENZYL METHYL ETHER FROM METHANOLYSIS 


OF p-METHYLBENZYLETHYLMETHYLSULFONIUM PERCHLORATE. RUN=EII-152- 


rm ee eee 
ee Sere ee ee ee ee ee 


Control ee) : ; 
enaphthalene ght ratio area ratio 


ae 
p-CH.,OCH, OCH 


“p-CH,6CH,OCH, *p-CH,OCH, OCH, 
ies eeneneene iA aentnarené 
ee Se ee eee 
Pa = 00 0.01946 0,02683 OVi25 OOS 
Pit =-152-80 0. 01557 0.02683 0.580 0.582 
(ILI Wao is, 0.0146 0.02683 0.544 0.556 
Eii-152-66 2/3 001297 0.02683 0.483 0.478 
Pett —50 0.00973 0.02683 0.363 0,366 
PEIT=152-37 1/2 0.007298 0,02683 OF272 OP 
Pit io2-20 0.00389 0.02683 0.145 0.163 


Product analysis: Run IJ1-152 
A 0.2255 g. quantity of p-methylbenzylethylmethyl- 


sulfonium perchlorate was added to a tared 25 ml. volumetric flask, 
0.1749 g, of 2,6-lutidine was also added. After dilution to the mark 
with anhydrous methanol and mixing by shaking the flask 100 times, 

6 ml. aliquots were transferred to ampoules which were sealed and 

put in the 90° bath. After 30 half-lives, the ampoules were opened, 


4,93 ml. aliquots were withdrawn from the ampoules and transferred to 


Erlenmayer flasks. A 1.97 ml. quantity of control solution til-t52—-7 
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was added to the Erlenmayer flask and 20 yl. aliquots were injected 
into the VPC, The relative area of p-methylbenzyl methyl ether to 
naphthalene were determined. From the plot in Figure XIX , the 

weight of p-methylbenzyl methyl ether relative to the weight of 
naphthalene was determined. The weight of the p-methylbenzyl methyl 
ether in the 4.93 ml, aliquot was then determined by multiplying the re- 
lative weight ratio by the weight of naphthalene in 1.97 ml. of control 


Solution. PLI-152-2, 
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Volhard determination of Be ois ion(72) 

A 4.93 ml, aliquot of solution containing the reaction 
product was pipetted into 25 ml, of pentane in a 50 ml. Separatory 
funnel. The mixture was extracted with two successive 10 ml. portions 
of boiled distilled water. The procedure was standardized at 40 
‘shakes' for the first extraction and 30 for the second. The aqueous 
extracts were combined, acidified with 5 drops of 6N nitric acid 
using 20 drops of ferric alum as indicator, an excess of silver nitrate 


solution was added and the excess back titrated with a standard solution 


of potassium thiocynate until a brownish color was produced. 


Preparation of mixtures for low temperature nmr runs 


Benzylmethylethoxysulfonium fluoroborate was allowed to 
react with p-chlorobenzylethylmethylsulfonium bromide. When the 
crystals were mixed, the mixtures turned yellowish. Therefore, the 
two compounds were weighed accurately into two separate vials. One 
compound was first put into the nmr tube, the nmr tube was then 
immersed in the dry ice-acetone bath, about half of the required 
amount of solvent was put into the tube using a hypodermic syringe. 
The other compound was then added to the tube. Both vials were 
washed with a small amount of the solvent and the solutions were 
put into the nmr tube. More solvent was put into the nmr tube 
until the required amount had been added, The nmr tube was capped 
The tube 


and shaken at room temperature until the solids all dissolved. 


was repeatedly immersed in the dry ice-acetone bath in order to insure 


that the temperature was kept low. The same procedure was used for 
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Run IV-88-A in Table XLV which contained a mixture of p-chlorobenzyl- 
ethylmethylsulfonium bromide and corer aoouey emo ite perchlorate. In 
Run IV-86-B(Table XLV), a slightly different procedure was used. The 
two compounds were weighed in eee vial and the mixture of crystals 
Pere cput in cD,Ccl, cooled in dry ice-acetone bath. Both Runs IV-86-B- 


and IV-88-A gave the same nmr spectra. 
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